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NOTE 


This is volume 2 of the public hearings held May 5-8, 1959, 
on fallout from nuclear weapons tests. It covers summary of 
new data on uptake in milk, food, and human bone; fallout mecha- 
nism, uptake; developments in radiation biology; discussion of per- 
missible exposure levels; status and implication of testing; discussion 
of surveillance; and summary of cilia and needs, including level 
of support. Volume 1, starting with a general review of developments 
since 1957, covers also a summary of new data on atmospheric fallout ; 
and global fallout. Volume 3 is an appendix to the hearings contain- 
ing additional materials pertinent to discussions. These materials 
cover supplemental statements on general aspects of fallout problem ; 
the “hot spot” problem and strontium 90 in foods; AEC quarterly 
reports; comments on General Advisory Committee report ; maximum 
permissible levels; biological effects; carbon 14; report of the United 
Nations Scientific Committee on the effects of atomic radiation—1958 ; 
nuclear detonations and meteorological aspects; classification and de- 
classification; fallout research and organization; and bibliography. 
It is planned at a later date to publish a detailed index of the hearings. 
The index would appear as volume 4. 
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FALLOUT FROM NUCLEAR WEAPONS TESTS 


WEDNESDAY, MAY 6, 1959—Continued 


CoNGRESS OF THE UNITED STaTEs, 
SpecIAL SUBCOMMITTEE ON RapImaTION, 
Joint CoMMITTEE ON Atomic ENERGY, 
Washington, D.C. 
Representative Houitrretp. Our next subject is “Summary of New 


Data on Uptake in Milk, Food, and Human Bone.” Proceed please, 
Dr. Straub. 


STATEMENT OF CONRAD F. STRAUB,’ PH. D., TAFT SANITARY 
ENGINEERING CENTER, PUBLIC HEALTH SERVICE, CINCINNATI, 
OHIO 


Dr. Srravs. Mr. Chairman and members of the committee, it is 
certainly a pleasure to be here to review with you the work we have 
done at our Cincinnati station of the Public Health Service. 

In his statement, Dr. Francis J. Weber, Chief, Division of Radio- 
logical Health, Public Health Service, referred to the radiation sur- 
veillance networks operated at the Robert A. Taft Sanitary Engineer- 
ing Center, Public Health Service, Cincinnati, Ohio. It has been 
suggested that his discussion be expanded in order to indicate our 
—— relative to activity levels from fallout in environmental 
media. 

(Besides the data contained in this statement, additional PHS 
air, water, and milk data appear starting on p. 197 of vol. 1, see also 
vol. 3, app. B.) 

As pointed out by Dr. Weber, the national air sampling and the 
basic oie water quality networks have been established to measure 
a variety of organic and inorganic pollutants in air and water, re- 
spectively. Radioactivity is but one of the contaminants measured 
in these samples and the only contaminant of interest to the Joint 
Committee at this time. However, collateral information on other 
contaminants may be of considerable value when a more complete 
understanding exists of the synergistic and antagonistic effects of 
all sources of environmental contamination upon the disease pattern 
of the Nation. 

The radiation surveillance activities of the Public Health Service 
have been developed to assess the levels of radioactivity in a wide 
variety of environmental media and to delineate and define the spe- 


1Date and place of birth: June 21, 1916; Irvington, N.J. Education: Bachelor of 
science in civi een Ua ee College of Engineering, 1936; doctor of philoso by. 
S. n 


Cornell University, 1943. Public Health Service 1941 to date. Commission 
regular corps 1946. Varied assignments in the field of sanitary engineering. Assigned to 
Oak Ridge National Laboratory in 1948 and remained until 1956; Chief, Radiological 
Health Research Activities, Division of Radiological Health, Robert A. Taft Sanitary 
Engineering Center, Cincinnati, Ohio, 1956 to present date. 
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cific radionuclides responsible for such contamination. Initially, our 
major effort was in the development of suitable techniques for meas- 
uring the low levels of radioactivity encountered in surface waters. 
(See attachments I, II, and III, pp. 1005, 1039, and 1045.) Later, 
studies were initiated to measure the gross activity in rainfall, vegeta- 
tion, biological samples, soils, and so forth. 

As environmental radioactivity levels increased, it became necessary 
to define the specific radionuclides responsible for the increased ac- 
tivity. Such analytical information is necessary to an estimation of 
the radiation dose resulting from the ingestion and inhalation of these 
materials. 

In table 1 (see fig. 1, p. 965), I show the actual stations that are being 
operated by the various programs at Cincinnati in terms of identify- 
ing the specific activity associated with air, water and/or milk sam- 
pling programs. The green dots represent the air activity stations. 

ou can see that we have quite a coverage. There are at the present 
time 114 urban stations and 51 nonurban stations. These collect a 
sample once every 2 weeks and this is submitted to us for measure- 
ment of gross activity. The triangular stations that you see there 
represent 51 stations on our surface streams which serve as sources 
of water supply for the larger cities of the Nation. 

The 10 red irregularly shaped areas define the 10 milksheds that 
are currently being evaluated by the Public Health Service. 

Representative Houirretp. You have a total of 10 milksheds? 

Dr. Straus. Yes. The actual location of these are defined in the 
formal statement. If you would like me to mention these, I will be 
very happy to doso, sir. 

The first slide that I have represents the levels of air activity that 


we have found during the — 1953 to 1957. We have found that 


there has been essentially a fiftyfold increase in these levels based upon 
the national total of all samples identified. For comparison we have 
indicated the data for Cincinnati which shows during the same period 
of time a twentyfold increase. 

(See table 1 in prepared statement, p. 967.) 

The national radioactivity values range from a low of less than 
0.1 to a high of 5,435 micromicrocuries per cubic meter (Salt Lake 
City, 1957), whereas the Cincinnati values ranged from less than 0.1 
to 21.9 micromicrocuries per cubic meter. These data were sum- 
marized from the report “Air Pollution Measurements of the Na- 
tional Air Sampling Network, 1953-57” released by the Public Health 
Service in 1958. 

The surface water analyses have indicated a gross total beta 
gamma activity for all surface waters that we sampled with the excep- 
tion of Columbia River of 56 micromicrocuries per liter, of which 
about 50 percent of the total activity is associated with the suspended 
material. The reason we carry out this separation is that water- 
treatment processes will be effective in removing essentially all the 
activity associated with the suspended matter. 

So you can say, where you have an approved water-treatment proc- 
ess, including chemi¢al treatment, sedimentation, and filtration, 
about half of the t tivity will be removed by such treatment. 

Representative Hoitrrte.p. Wil you also comment on the removal 
of this material from milk? 

Dr. Straus. In what terms? 
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Representative Hoxirtetp. You just say as I understand you that 
you can take most of this material out of water ? 

Dr. Straus. About half. 

Representative Houirrerp. About half of the radioactive material 
out of water? 

Dr. Straus. Yes, sir. 

Representative Horirretp. What is the comparison to milk? 

Dr. Straus. We have done no work on this ourselves. Other people 
have done this and they can remove the strontium 90 and reconstitute 
the milk. I am sure the committee is familiar with this. There are 
new techniques suggested now by others to go ahead and remove stron- 
tium 90 from milk. 

Senator Gore. How is it separated from calcium ? 

Dr. Srravus. It can be by various techniques. One is a modified 
ion exchange technique and the other is through a high nitric acid 
technique. We can get separation of the strontium from the calcium 
fractions. In milk, the 1on exchange technique could be used to 
remove both calcium and strontium. The basic problem with which 
we are faced is what effect does it have on the nutritional and other 
properties of the milk. Also, costwise, such processing would put it 
way out of the reach of people. 

Senator Gorge. In other words, when you take the strontium 90 out 
of it you may leave only water ? 

Dr. Straus. Essentially so. 

Senator Gore. Instead of a nutritional food ? 

Dr. Straus. You perhaps have to put back the calcium in order to 
replace it if it is still felt that calcium is necessary. The decalcified 
— however, would still contain protein, carbohydrate, and fat 
values. 

Senator Gorr. Then you might as well take water in the first place 
and add calcium to it? 

Dr. Straus. Water also contains strontium 90 as we will point out 
in a few moments. 

Senator Gore. It is a rather expensive process to take the food 
value out of milk, reduce it to water, and add the food value back to 
the water ? 

Dr. Straus. This is so. It is a very expensive process. We are 
wondering what will happen from this if they do have to resort to 
some such measures for handling milk. 

Senator Gore. You think that the reasonable rule for economic 
competition is for someone to take water in the first place? 

Dr. Straus. This may be possible, yes. 

The strontium-90 levels in these same surface water supplies, and 
to date we have only had opportunity to analyze 20 composite samples 
representing 3-month accumulations from these areas, have shown an 
average of 1 micromicrocurie per liter of strontium 90 with a range 
of 0.3 to 4.7. These values are included in the text and are compared 
with values that have been reported by personnel of the AEC and 
values reported by the British in the past. 

From this it will be seen that there has been an upward trend in 
strontium 90 in these waters as one would expect. e strontium-90 
levels in water are of interest from two points of view. The first is 
concerned with the use of such water as a potable supply for humans 
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and animals, particular where ponds, lakes, or small reservoirs may 
be used for such purposes as contrasted with river supplies which, 
because of their flow, show lower levels of this particular radionuclide. 
The second has to do with the use of these waters in the prepar: 
tion of food materials, such as soups, beverages, reconstitution of 
milk, preparation of baby formulas, or wherever water is used as an 
ingredient in food preparation. I would like to refer to two of these 
slides that we have here. These show essentially the levels of activity 
that have been indicated for various watersheds as shown. 


ATLANTIC 


9 


CHART 


TIVITY OF MAJOR US: RIVERS 








ST ae 
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CHART 3 


MISSISSIPPI RIVER — 


RAINFALL VS. RIVER RADIOACTIVITY 


In this middle diagram (chart 2) we have indicated the actual 
levels of gross activity in micromicrocuries per liter. We have not 
shown the Columbia River in this analysis because activity is dis- 
charged from the Hanford installation and much higher levels of spe- 
cific materials are discharged. 

It will be seen here that although the national average has been 56 
the lower Missouri River Basin has about the highest level, about 130 
micromicrocuries per liter. It is also of interest to see that this area 
where we have the highest levels is also the area in which most of our 
food materials are produced in terms of our gross farm product for 
1957. 

Representative Hotirrecp. Does that refer to air or water? 

Dr. Srravs. This is in terms of water. These are the actual levels 
found in water. 


Representative Hoxirretp. And the levels are higher in the food 
producing areas? 
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Dr. Srravus. This is what we seem to find. Essentially there is 
more material deposited there and this finds its way in the stream 
runoff and this is what we are picking up in these areas. 

Representative Hotirtetp. A series of perfectly natural events: The 
downfall of rain which produces the vegetables and forage for our 
animals and the residence in the temperate zone of more people than 
in other zones, all of these perfectly natural events seem to conspire 
toward a maximum amount of damage to the maximum number of 
people in the world. 

Dr. Straus. This seems to be technically so in this particular area. 
Just to show actually what has been happening, in the Missouri and 
Mississippi River area, the rainfall activity values that we have en- 
countered from our radiation surveillance network operations are in- 
dicated by squares in chart 3 at these various stations and you can see 
they are spread around quite a bit. We have also indicated in terms 
of the blue circles the actual levels of activity found in the water. 
The difference between these two sets of values essentially represents 
what is removed by natural agents. 

In other words, this fraction represents what may be retained by 
the soil through ion — what may be picked up by plants di- 
rectly from the soil or for foliar contamination. So we have a de- 
contamination factor between these two levels of 135 which indicates 
roughly a removal of 99.3 percent as far as the water is concerned. 
So that the bulk of the activity is retained on the soil but what is re- 
tained must be corrected for decay. Obviously, the short-lived mate- 
rials so deposited, which would not be found in the stream, are also 
included in this total. 

Coming back to milk for a few moments, the Public Health Service 
has had in operation since about May 1957 and has received on a 
monthly basis samples from Sacramento, Salt Lake City, St. Louis, 
Cincinnati, and New York milksheds. Since last year, about June or 
July, we have added five stations which provide some additional in- 
formation on northern and southern areas of the Nation. These are 
Atlanta; Austin; Chicago; Fargo, N. Dak.; Moorehead, Minn.; and 
Spokane. 

In addition to obtaining information on the radionuclide composi- 
tion of these milk samples, information was obtained on the ——- 
practices, the water supplies, and the breeds of cattle typical in eac 
of these areas. Unfortunately, the data that have been so obtained 
have not. been critically examined to draw any basic conclusions or to 
relate the findings in the field with the activity levels to date. 

Representative DurHam. What do you account for the difference 
in New York and Austin and Atlanta. Is it concentration in the 
temperate zone of this fallout? Your chart appears to be so different. 

Dr. Srraus. As I have said, we have not been able to correlate some 
of our environmental findings yet with the actual conditions. For 
the cities that you suggested, for example, levels of Sr® at Atlanta 
are considerably higher than at Austin. These have been running 
around 10 to 13 micromicrocuries per liter and 3 or 6 micromicro- 
curies per liter, respectively. One of the differences could be rainfall. 
We have not made a serious study of this relationship. 

The other point of difference (chart 4 (see fig. 2, p. 979)) that is of 
some significance is that Sacramento and Salt Lake City show essen- 
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tially very little difference in terms of the annual average of stron- 
tium 90 in these two sources. St. Louis, on the other hand, and Cin- 
cinnati show roughly a twofold increase in the period from 1957 to 
1958. We are starting off with a higher level in 1959 than we started 
with in 1958, 

This again ties in with the information we have been hearing here 
yesterday in terms of additional fallout this spring. So we can pre- 
sume that these levels will be going on. In the case of New York 
there was not too much variation between 1957 and 1958. There was 
some. But we have also indicated here (chart 4) the information 
compiled by the Health and Safety Laboratory for the period 1954 to 
1957. 

Here again you can see that there has been a substantial increase 
during the 5-year period under discussion, beginning at about one to 
2 micromicrocuries or less in 1954 rising to 10 or so at the present 
time. 

Representative DurHam. Then you have been collecting data in 
that New York area for the last 5 years? 

Dr. Straus. We have not been, but data have been collected there. 
The HASL group has been collecting for 5 years. We have been 
collecting for about 214 years. 

The other point of interest is the agreement between our findings 
and those obtained by HASL. 

Representative DurHam. Would that length of time apply to all of 
your stations? 

Dr. Srravus. I didn’t understand your question. 

Representative DurHam. Does that length of time, 21%4 years that 
you have been in the New York area collecting data, apply to all of 
your stations ? 

Dr. Straus. All of these in the first row (chart 4). We started 
analyzing samples in June 1958 at the five lower stations. We have 
also shown on this chart, as will be made clear in the record, the Con- 
sumer Report findings. Again you see that even though these rep- 
resented the results of only two samples collected during July and 
August 1958 there is very close agreement between the values found 
and the other values reported. 

Representative Durnam. How is the data assimilated? Is it 
through the public health setup or through the Agriculture Depart- 
ment ¢ 

Dr. Srravus. All of these samples are obtained and the actual 
sampling programs have been developed through the various groups 
of the Public Health Service and the local milk producers them- 
selves. This has been strictly a local operation as have been all of our 
sampling and our surveillance operations. The samples are col- 
lected by State and local health personnel, and are submitted to us for 
analysis. Thesame thing is done here. 

Representative Duruam. It isavailable to the public? 

: Dr. Straus. The milk information has been released on a monthly 
asis. 

Representative DurHam. I think that is a good thing to do as often 
as you can because there is a large concern about this problem. 

Dr. Straus. In these releases the averages have been indicated along 
with the individual values that have been found. We do feel that 
the annual average is much more significant than a single value be- 
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— this can fluctuate due to local variations at the time of sam. 
pling. 

The closeness of the results by the various groups summarized on 
this chart is rather remarkable because of the fact that not in all in- 
stances has the same portion of the milkshed been sampled. This 
shows that over a period of time even though the same specific area 
may not be sampled, basically the results are still comparable. To 
bring this out a little bit more specifically perhaps you can examine 
this slide [refers to table 10 in prepared statement, p. —] which shows 
data taken from four additional portions of the milkshed in St. Louis. 
It will be seen that the strontium 90 levels, even though in the fairly 
large geographical areas included in this presentation, have varied 
only from 9 to 14.2 for these four additional areas, whereas, the 
routine sample we collected at that time showed a value of 12.2, which 
is a reasonable average of the other four values. St. Louis milk comes 
from an area in Missouri as well as from an area in Illinois. 

Now I would like to go to a discussion of some of our nonnetwork 
operations which have been going on for quite some time. Under this 
category, I would like to give the results we have obtained not only for 
rainfali but also cistern water supplies and surface water supplies in 
the Cincinnati area. 

The levels of radioactivity in rainfall obviously reflect nuclear test 
operations and, in general, the larger percentage of the nuclear activ- 
ity is found in the suspended fraction shortly after such tests. The 
values that we have found in rainfall, snow, cistern, and surface waters 
during 1958 are shown in this particular slide. [See figure on p. 984. | 

The levels that we have in regard to rainfall are represented by the 
dotted portion at the top of the sheet. The black line going through 
is the actual average value. This rain has an activity level ranging 
from 10* to 10° micromicrocuries per liter. The cistern levels are rep- 
resented by the crosshatched area and are a factor of 10 below that. 
The surface waters are lower as indicated and are more than one 
order of magnitude below the levels we encountered in rain. This 
again indicates there is removal by runoff from these natural agents. 

It will be seen that the surface air particulate values run about a 
millionth of the rainfall activities. For comparison we have shown 
the strontium 90 levels in milk. That is this little line you see here. 
In Cincinnati this has ranged from about 6 to 8 or 10 micromicrocu- 
ries per liter. 

The rainout data in terms of curies per square mile of 1-year-old 
bomb debris have been estimated and calculated for the period 1953 to 
1959 and are summarized in chart 5. [AlJso refers to table 12, p. 986. ] 
It will be seen that during this period the levels have increased from 
less than 0.1 micromicrocuries per square mile—this it must be remem- 
bered is gross activity—to a value of about 0.84. But during the first 
4 months of 1959, again estimating what has been contributed in terms 
of 1-year-old activity, we have a value of 0.70, which is almost equal 
to what we estimated for all of 1958. This again bears out some of 
the comments that were made earlier about a much greater contribu- 
tion of fallout during this coming spring and this season than we have 
had in past years. 
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Senator Gore. I don’t quite understand your chart. Yes, I see. 
You begin with 1953. 

Dr. Straus. This is 1953, sir. 

Senator Gore. Then the rainout in Cincinnati is roughly eight times 
as much in 1958 as in 1953 ? 

Dr. Srravs. This is in terms of the actual contributed 1-year-old 
material. 

Senator Gore. I don’t understand the meaning of your term “con- 
tributed 1-year-old material.” 

Dr. Straus. I have a value indicated in the report that for 1958, 
of the activity we measured, we estimated that at the end of 1 year 
a certain fraction would remain. This we have plotted here. So we 
have reported essentially that it would be 0.70 in 1959. 
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But the actual activity that had been deposited in 1958 amounted 
to 6.3 curies. But of this amount only 0.84 curie of activity would 
remain at the end of the year. 

Senator Gore. Is the amount of rainout in the Cincinnati area a 
matter of concern for health authorities there ? as 

Dr. Srravus. Not particularly at this time. We don’t feel it is so. 
We have been measuring the levels in Cincinnati because we os, 
to have our station there and this has been something that has been 
going on and does not require wary much additional effort in terms 
of some of the other things we are doing. It is essentially to find out 
what is happening in that particular area. : 

Senator Gore. To what do you attribute this accelerated rise in 
rainout in the Cincinnati area ? 

Dr. Srravs. Essentially increased fallout and increased weapons 
test activities during this whole period of time. These are the factors 
that account for this increase. I think it has been brought out in 
previous discussion that there has been a general rise throughout the 
entire world, and this follows that same consistent pattern. 

Senator Gore. You don’t think there are any reasons from indus- 
trial activity, underground activities, mining, and so forth—you don’t 
think there are any reasons to suspect that natural radiation would in 
any way have caused a part of this acceleration ? 

Dr trauB. No, sir. This is actually material that we have caught 
in our rainfall and actually measure activity there. 

Senator Gorg. This is entirely atmospheric fallout? 

Dr. Straus. This is entirely atmospheric fallout. We also have in- 
formation which I am not including in this presentation on some of 
the natural levels of activity in the Cincinnati area, but they are not 
a part of this particular record. 

Senator Gore. What is your attitude toward future atmospheric 
tests? If atmospheric tests are continued, would you expect this 
rapid increase of fallout to continue? 

r. Straus. It will increase if the amount of fallout contributed is 
increased. In other words, if we have a higher rate of fallout, then 
certainly this will indicate that there will be more material deposited 
and the longer-lived material will continue to go up until such time as 
there is a balance between that which is contained in the atmosphere 
in terms of age and new material that is deposited. 

Senator ons. Have you made any studies of the natural radio- 
activity of the water table, radioactivity indigenous to the soil in 
that area ? 

Dr. Straus. We have not done this in terms of any well samples in 
the immediate Cincinnati area. We have done it in terms of natural 
air activity and this we find to be considerably higher. We also do 
know from geological information that is available to us that we en- 
counter higher levels of activity in these geological formations. In 
fact they are part of the Chattanooga shales that come out of Chatta- 
nooga and outcrop in the Cincinnati area. That is all part of the 
same area. We will be doing more of this as soon as we find personnel, 
staff, and space to carry out this particular operation. 

We feel this is necessary in order to get a complete picture of total 
exposure which I will include in one of my later sections of the paper. 
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Representative Hoxirretp. Your funds from this work come from 
the Public Health Service? 

Dr. Straus. Yes, sir. This is a Public Health Service operation. 
Our facility at Cincinnati is the sanitary engineering center which 
does all of the work for the Bureau of State Services in the realm of 
environmental sanitation. 

Representative Hoiirretp. And you have contracts with the AEC? 

Dr. Straus. Yes, sir; we do. 

Representative Houirretp. You take care of the 10 milksheds? 

Dr. Straus. Yes. This is not supported at all by the AEC. This 
is strictly a Public Health Service operation. These operations that 
I am referring to here are all supported by Public Health Service 
funds. There are no AEC funds involved in any of the work that we 
are doing in terms of the fallout program I am discussing now. 
Representative DurHam. There was an increase from last year in 
this? 

Dr. Srravus. Yes, sir. 

Representative Horirretp. What is your budget in this area ? 

Dr. Straus. In terms of fallout alone, sir? 

Representative Hortrrevp. Yes. 

Dr. Srraus. My total budget at the present time is $337,000 of 
which $140,000 comes from AEC funds. The program funds come 
directly from the Division of Radiological Health. Because these 
other surveillance activities are carried on with other programs at the 
center, in other words, water supply and water pollution control, milk 
= food, and air programs, some additional funds are obtained from 
them. 

Basically in terms of actual money that comes from the Public 
Health Service about $160,000 or something of that order is available 
for these studies. 

Representative DurHam. I notice you have the milksheds pretty 
eer distributed over the country. Do you desire to add any more 
this year? 

Dr. Srravus. Plans for expansion of this operation were included 
in the statements that were submitted for an increase in funds. This 
increase in the operation will depend entirely upon whether or not 
there is an opportunity for an increase in funds to carry out this 
activity. 

Representative Durnam. Is your problem getting personnel in or- 
der to carry out your functions ? 

Dr. Srravs. Our big problem is not so much personne] as it is 
space. 

Representative Duruam. In space? 

Dr. Straus. Yes, sir. 

Representative Hoirretp. I think you are to be commended on this 
milk sampling program, and I trust that you will be able to keep it 
up because I think it is one of the important concerns of the mothers 
of this country, that is, the concentration of any deleterious materials 
in milk which the babies drink. 

Dr. Straus. May I refer to another aspect which is not included 
in our formal statement. This is our relations with the States in 
terms of this activity. The States would like to have us expand our 
network operations. At the present time, since we do not have the 
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space to expand these operations, we have been trying to approach this 
from other points of view. 

One is through simplified analytical techniques. We have two 
proposals that appear to be very, very satisfactory in this regard 
which will permit a wider surveillance and more rapid determina- 
tion of strontium 90 by perhaps less sophisticated or experienced per- 
sonnel. This is one approach. These methods will be made avail- 
able to the States just as soon as we are satisfied they are entirely 
satisfactory. This should be done within the next month or two. 

Representative Horirtevp. I think this is very good approach. We 
have laboratory facilities in every State of the Union? 

Dr. Straus. Yes, sir. 

Representative Ho.irieip. If you can simplify your techniques of 
ere to the point where it can be done satisfactorily on a local 
level, I would think that many States would be interested in assum- 
cos financial and technical burden themselves ? 

r. Srraus. This has been demonstrated to us. The other ap- 
proach is that the States themselves send personnel to Cincinnati 
for training to become familiar with the techniques that are being 
used. In fact this past week, we had a representative from Norfolk, 
Va., who has spent 2 weeks with us. We had representatives from 
Indiana who were in to see whether we could make arrangements for 
a program to carry out milk analyses with them. They were so 
pleased with the new methods that they said they could undertake 
the whole operation themselves, and we would not have to do any- 
thing. 

This is the type of approach that is going on and we think it has 
considerable promise. 

Representative Ho.trretp. You might be able to fan out by that 
method of training people in different areas and organization much 
quicker than trying to do it yourself, and the amount of money you 
spend in training might be multiplied a great deal by having people 
trained in the field rather than to depend upon your own organi- 
zation ? 

Dr. Srravus. Yes, sir. May I make one other comment. You 
brought up this matter of training. The budget that I referred to 
did not include the budget for training. There is a companion train- 
ing program going on at the center. 

Representative Houirretp. How much does that amount to in terms 
of dollars? 

Dr. Srraus. If I remember correctly, they have essentially under 
$200,000. This is something that will be provided in testimony that 
you requested from Dr. Weber yesterday. The amount involved is 
something of the order indicated. 

Representatives Hotirrmep. That would give you enough money to 
do quite a bit of training? 

Dr. Straus. All of the training programs that we have in this area 
are oversubscribed. 

Representative Horirretp. We are running a little short of time. 
Have you completed your prepared statement ? 

Dr. Srravs. No. 

Representative Hotirreip. Hit the points on that and we will accept 
all these charts and other data in the record. 
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Dr. Straus. Let me refer to what we have done on food materials 
in the Cincinnati area and some of the material that we have pre- 
sented in the record. The results we have obtained may be compared 
with the results that have been reported by the British, and we find 
that. there is considerable agreement in various areas. 

The one thing that I would like to bring out, however, in terms 
of our own data and the British data (refer to table 18, p. 996) is that 
although about 60 percent of the calcium taken in per day comes from 
milk products (this value is essentially identical with that of the 
British) only 36 percent of our strontium 90 comes in through this 
route on the basis of what we calculated at Cincinnati compared with 
55 percent in Great Britain. 

From our analysis of the food materials that reach the Cincinnati 
market, the strontium 90 through the vegetable food route approxi- 
mately equals that received through the milk route. It is 39 percent 
versus 36 percent, respectively. 

We have also initiated, as was indicated by both Dr. Dunham yester- 
day and by Dr. Weber, a joint program with the Atomic Energy Com- 


mission to determine the actual strontium 90 levels in personnel in 
the Nevada Proving Grounds area or in that vicinity. e have re- 


ceived within the last month 10 samples which have been analyzed 
and preliminary data indicate that we have strontium 90 levels rang- 
ing from six-tenths to 12 micromicrocuries of strontium 90 per gram 
of calcium, which appear to be higher than those reported in the past 
by other individuals. These are preliminary values, and there may 
be some slight changes. In addition, we will check naturally occurring 
radionuclides in these materials. 

The reason for carrying out all these analyses is basically to find 
out what is the total intake by man of strontium 90 or other radio- 
nuclides to make some attempt to determine potention hazard to man. 
What we have done essentially, if I may have the last slide (refer to 
table 21, p. 1001), has been to summarize how much activity from 
strontium 90 specifically has come from various sources in the environ- 
ment of the Cincinnati area. 

It will be seen that air contributes a very small quantity of strontium 
90 as far as intake is concerned. We have also put down cistern 
waters as well as surface waters and it will be seen that they can 
contribute an appreciable quantity of strontium 90. 

Milk on the other hand, based on a daily intake of 1,400 milliliters 
provides 11.9 micromicrocuries per day, and food, 6.95 micromicro- 
curies for a total maximum value of 29 to 34 micromicrocuries per 
day in this vicinity—Cincinnati. This to us at the present hardly 
represents a negligible contribution. We do not feel there is any 
appreciable hazard from this but it is certainly desirable to carry 
out additional studies and determine what the potential intake of 
this material is in various sections of the country for three reasons. 

One is that it will permit us to isolate those areas where people 
are receiving higher levels of exposure. Two, it will provide a basis 
for carrying out epidemiological studies in these areas to see what 
can be done about minimizing the exposure. The third would be to 
establish control measures before these levels became critical. 

I would like to read the summary and conclusions we have here. 
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Results of findings from network operations as well as special 
studies by the Public Health Service at the Robert A. Taft Sanitary 
Engineering Center were reviewed. The use of environmental radio- 
activity 1 ralues i in estimating the total intake of strontium 90 is indi- 

cated by example. All of the data obtained, however, show the need 
for more italien, of the factors affecting retention of strontium 90, 
particularly the effect of stable strontium and calcium. Since stron- 
tium 90 can be found anywhere in the environment, human studies 

‘an be carried out in which analyses are made of all food intake as well 
as all body eliminations. Thus, the objections of added radionuclides 
to carry out such studies are voided, and measurements are made with 
the radionuclide in the form in which it is taken into the body rather 
than in some other form. 

Extensions of the studies described herein are needed to define areas 
of higher activity level and permit initiation of the necessary specific 
control measures before serious dosage or exposure results. 

That completes my statement. 

Representative Hourrtep. One of the interesting things I notice 
in your table 20 is that oysters from the Chesapeake Bay range from 
124 to 178 micromicrocuries? 

Dr. Straus. This was for zine 65. This is the isotope that we have 
referred to in that table. But milk is very low. 

Representative Hoxirretp. Milk is four? 

Dr. Srraus. Yes, very low. The point of that actually was to indi- 
cate that the distribution of this particular radionuclide is far more 
widespread than believed in the past where it was reported essentially 
that it would be found in the irrigation waters more particularly 
around the Hanford area than anywhere else. These levels do not 
represent a public health hazard for this particular isotope. They 
are far, far below the currently accepted maximum permissible con- 
centration value. It would be of the order of something like 6 million 
micromicrocuries per liter. 

Representative Houirre.p. And we are talking about micromicro- 
curies in the range of 3 to 178? 

Dr. Srravs. Yes, sir. 

Representative Honirietp. Thank you very much. 

Dr. Straus. Thank you. 

(Dr. Straub’s formal statement follows :) 
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JOINT COMMITTEE HEARINGS ON FALLOUT FROM NUCLEAR WEAPONS, MAY 5-8, 1959. 


Conrad F. Straub, Ph. D. 


In his statements, Dr. Francis J. Weber, Chief, Division of 
Radiological Health, Public Health Service, referred to the radiation 
surveillance networks operated at the Robert A. Taft Sanitary kngineer- 
ing Center, Public Health Service, Cincinnati, Ohio. It has been 
suggested that his discussion be expanded in order to indicate our 


findings relative to activity levels from fallout in environmental 


media. 


As pointed out by Dr. Weber, the National Air Sampling and the 
Basic Data Water Quality Networks have been established to measure a 
variety of organic and inorganic pollutants in air and water, respec- 
tively. Radioactivity is but one of the contaminants measured in these 
samples and the only contaminant of interest to the Joint Committee at 
this time. However, collateral information on other contaminants may 
be of considerable value when a more complete understanding exists of 
the synergistic and antagonistic effects of all sources of environmental 


contamination unon the disease pattern of the nation. 


The radiation surveillance activities of the Public Health Service 
have been developed to assess the levels of radioactivity in a wide 
variety of environmental media and to delineate and define the specific 


radionuclides responsible for such contamination. Initially, our major 


963 











964 FALLOUT FROM NUCLEAR WEAPONS TESTS 

effort was in the development of suitable techniaues for measuring the 
low levels of radioactivity encountered in surface waters. (See attach- 
ments 1, 2, and 3). Later, studies were initiated to measure the gross 
activity in rainfall, vegetation, biological samples, soils, etc. As 
environmental radioactivity levels increased, it became necessary to 
define the specific radionuclides responsible for the incfeased 
activity. Such analytical information is necessary to an estimation 

of the radiation dose resulting from the ingestion and inhalation of 


these materials. 


NETWORK FROGRAI‘S 


As has been indicated, the bulk of the routine activities of the 


Fublic Fealth Service insofar as radiation surveillance is concerned 


l 


is through network programs in the air, water, and milk fields. The 


Fig. 


stations included in each of these network programs are shown in 


Figure 1. 


Air 
Samples of surface air particulates from.114 urban and 51 non- 


urban stations are collected on glass fiber filters by high volume 





samplers for a period of 24 hours on a bi-weekly schedule. Following 
collection, the samples are shipped to the Center and counted after 
two days — to allow decay of the natural alpha and associated beta- 
gamma activities -—- and again after four to seven days to estimate the 


approximate time of formation of the mixture from the rate of 
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radioactive decay. From this information, a rough estimate of the radio- 


nuclide composition can be made. 


National average surface air particulate radioactivity levels for 
the period 1953-1957 are summarized in Table 1, along with Cincinnati 
levels. It will be seen that there has been a continuous increase in the 
average annual surface air partimlate redioactivity levels with a 50-fold 
increase in the National average for the period and a 20-fold increase in 
the Cincinnati levels. The National radioactivity values range from a low 
of less than 0.1 to a high of 5,435 micromicrocuries per cubic meter 
(uc/?) (Salt Lake City - 1957), whereas the Cincinnati values ranged 
from less than 0.1 to 21.9 uuc/W. These data were summarized from the 
report "Air Pollution Measurements of the National Air Sampling Network, 


1953-1957" released by the Public Health Service in 1958. 


Water 





Samples of surface waters are collected by local personnel from 51 
sampling stations located on 16 major river basins and the Great Lakes 
and submitted to Cincinnati on a weekly basis. Upon arrival, the samples 
are filtered through membrane filters to separate radioactivity associ- 
ated with suspended matter from that in solution. Since water treatment 
plants employing chemical treatment and filtration should remove essential- 


ly all of the suspended solids, this differentiation is important. 


After separation, all samples are counted for gross beta—gamma 
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Table 1 
Avoregc Surfacc Air Particulate Radioactivity Levels 
yuc Au? 
Location Year 
1953 1954 1955 1956 1957 
Nation 0.2 1.0 2 ol 21 10.5 
Cincinnati 0.2 0.6 1.1 2.0 4.3 
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radioactivity and a fraction of the samples for alpha radioactivity. 
Those samples showing higher levels (generally above 500 micromicrocuries 
per liter) (\yc/1) are checked for specific radionuclides. Within the 


last six months, aliquots of the weekly samples have been composited for 


So 
quarterly determination of strontiun-90. 

PE 

An examination of the results obtained on samples collected during HA: 

the period November 1957 to October 1958 shows that the National surface 
water average was 56 yuc/1 of gross total beta-gamm activity, of which 
the dissolved fraction amounted to 27 wuc/1 or 48 per cent of the total 
activity (levels found in the Columbia River are not included), and 
averaged 3.7 wac/l of gross alpha activity. The few strontium90 determi- 
nations made (20 analyses to date) show a level of 1.0 puc/l with a range Br. 


of 0.3 to 4.7 wc/l. Strontium89 levels on these same samples averaged 
1.6 with a range of 0 to 4.0 yuc/l. These values are summarized in Table 
2 with values reported by the British (1) and the AEC (2). For comparison, 
some values for deep well supplies also are indicated. The upward trend 


of strontium-90 during the last few years is evident from these data. 


Strontium-90 levels in water are of interest from two points of view 
— both involving ingestion. The first is concerned with the use of such 
water as a potable supply for humans and animals, particularly where ponds, 


lakes, or small reservoirs may be used for such purposes as contrasted 


with river supplies, which because of their flow show lower levels of 
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Radiostrontium Content - Water Supplies 














. Sourec sr”? sro? 
Date Average Range Average Range 
PHS-US-Surface watcrs 1958-1959 1.0 0.3-l.7 1.6 O-); .0 
Greet Lakes 0.7 0 
HASL-l.2-Tap water, N.Y. 1954 0.06 0 .0L-0 .09 
8 1955 0.11 0.05-0.23 
1956 0.15 0.01-0.26 
Tap water, Chicago 1953-1956 0.11 0.05-0.16 
1953 0.11 0 .09-0 .13 
River samplcs 1957 0.63 0.25-1.1 
mi- 
Reservoirs 195 0.16 0.01-0.11 
ee British Data-River 1957-1958 0.:4 0.11-0 .Lh 2.30 0.36-8.1 
supplies 
. Lakcs 1957-1958 O.L5  0.36-0.85 0.93 ~0.19-2.2 
le Deop wells 1957-1958 <0.01 
[son, : 
1d 
lew 
uch 
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this particular radionuclide. The second, has to do with the use of 
these waters in the preparation of food mterials such as soups, bever- 
ages, reconstitution of milk, preparation of baby milk formulas, or 


wherever water is used as an ingredient in food preparation. 


Milk 

Currently, samples are received on a monthly basis from portions of 
milksheds serving the following cities: Sacramento, Salt Lake City, St. 
Louis, Cincinnati, New York, Atlanta, Austin, Chicago, Fargo-Moorhead, and 
Spokane. In each case, the selection of sampling stations within the milk 


shed was based upon the following criteria (3): 


"), The milk represented in each sample was from a group of farms 
milking a total of at least 1,000 cows. 


"2, The number of individual farms was small erough so that 
collection of collateral field data on each farm was feasible. 


"3. The milk samples were from a supply that was a part of a 
metropolitan milkshed. 


"™, The conditions under which the milk was received were such 


that each sample was representative of the same farms in the 
production area." 


The collateral farm survey data included information on feeding practices, 
water supplies, and breeds of cattle typical of each area. These data 
have not been examined as yet in relation to the levels of radioactivity 
in milk. Forms used for the shipment of samples and collection of 


collateral data are attached (Attachments 4 and Ss 
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Analytical results which have formed the basis of the monthly 
milk releases to the public and radionuclide and stable calcium levels 
in milk are summarized in Tables 3-8. Since the strontium, calcium, 
and iodine levels are of more interest, these have been redefined in 


terms of yearly averages in Table 9. 


The data in Table 9 show that the average levels of strontium-90 
at Sacramento and Salt Lake City have been essentially constant over 
the period indicated, that the levels for New York have shown a slight 
increase, and that the St. Louis and Cincinnati levels have increased 
by a factor of approximately two during this period. The five newer 
stations have not shown much fluctuation in the average levels of 


strontium-90, although there were marked differences between milk- 


sheds — Austin 3.5 to 6.0 jysc/1 and Fargo-Moorhead 12.0 to 13.6 wuc/1. 


Highest strontium-89 levels were found in St. Louis and the lowest in 
Sacramento. Salt Lake City and St. Louis showed highest iodine levels 


and Sacramento and Atlanta the lowest. 


In Figure 2, the strontium-90 values have been plotted on an 
annual basis to illustrate the above comments. The strontium-90 level 
reported by the Health and Safety Laboratory (HASL) for New York are 
also shown with the levels reported by Consumer Report for the two 
samples taken in each of 50 major U. S. cities in July and August, 1958. 


A steady increase is observed in New York strontium-90 levels since 1954 
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FALLOUT FROM NUCLEAR WEAPONS TESTS 





Table 9. Radionuclide (jyic/l) and Calcium (gm/1) Levels in Milk ~ Anmal Data 





Strontium-59 Iodine-131 Stable Calciun 
4 18 SO 1.121 
1 23 3x0 1.132 
1 14 2 1.151 
50 400 1.138 
23 x” 1,142 
6 2 1.156 
112 410 1.236 
139 80 1.267 
80 L 1,306 
9 69 220 1.164 
5 66 5) 1.145 
0 2° 3 1.148 
8 66 120 1.062 
5 37 x” 1.097 
7 8 2 1.088 
3 56 20 1.184 
2 6 1.20 
5 33 LO 1.148 
0 3 8 1.184 
6 58 Fe) 1.116 
5 4 6 1.125 
6 9b LO 1.1b4 
0 22 5 1.147 
4 43 LO 1.199 
7 18 6 1.226 
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980 FALLOUT FROM NUCLEAR WEAPONS TESTS 

when the first samples were collected and analyzed by the Health and 
Safety Laboratory. The close agreement between levels reported by 
Consumer Report, Health and Safety Laboratory, and the Public Health 
Service is rather remarkable, since the same portion of milkshed was 


probably not included in each of the groups of samples analyzed. 


A study was made of samples from other milk producing areas 
shipping into the St. Louis market and showed slight differences in 
radionuclide levels, even though a fairly wide area, including Missouri 
and Illinois, was sampled. Table 10 summarizes the radionuclide levels 
found for the four sampling areas indicated. These are compared with 
the routine St. Louis sample collected monthly. Additional studies are 
planned in Fiscal Year 1961, particularly to determine the factors 


responsible for the higher levels of strontium-90 in St. Louis milk, 


NON-NETWORK STUDIES 


Many special studies related to the effect of fallout are carried 


out at Cincinnati. These include the determination of gross radionuclide 


levels in rain and other precipitation samples, studies estimating the 
removal of radioactivity from rainfall by natural agents, levels of 
radioactivity in cisterns, activity levels in local foods, special 
food materials from other sections of the country, and special samples 
including biological materials, soil samples, thyroids for iodine 


determinations, bone samples, etc. 
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FALLOUT FROM NUCLEAR WEAPONS TESTS 981 


Table 10. St. Louis Milkshed Radionuclide Levels 


Sample ** 


Foutine 


October 1958 


ca 131" = gg89 p90 glbO* = 0g 1 37 
mz/1 ee i ee ee See 
me/ wc /1 

1.217 ll 99 12.4 3 ks 
1.274 15 125 14.7 6 78 
1.143 17 Su 14.2 4 54 
1.218 15 91 9.0 2 59 
1.271 35 138 12.2 14 71 


* Corrected totime of collection. 


“Sample 1 - 


Sample 2 - 


Sample 3 - 


Sample Rt as 


Commosite from 6 largest distributors in relation to 
their size (pasteurized milk). 


Composite of milk from southwest Missouri (Springfield) 
under St. Louis inspection. 


Composite of milk from Illinois production area under 
St. Louis insrection. 


Composite of milk in an area west, south, and north of 
St. Louis under St. Louis inspection. 








982 FALLOUT FROM NUCLEAR WEAPONS TESTS 
Rainfall 

Under this category consideration will be given to the results 
obtained in analyzing rainfall samples, cistern water supplies, and 


surface waters (Cincinnati, and the Ohio area, specifically). 


Rainfall has been collected in a wide variety of containers for 
many years in Cincinnati. Currently, in addition to small area con- 
tainers, large volume samples are collected in a container two square 
meters in area. The large volume samples were necessary for radio- 
nuclide determinations. Aliquots of the material collected are passed 
through millipore filters to separate radioactivity associated with 
suspended matter from that in solution, processed, and counted. Levels 
of radioactivity in rainfall reflect nuclear test operations and, in 
general, a larger percentage of radioactivity is found in the suspended 
fraction shortly after such tests. In Table 11, the values found in 
rainfall, snow, cistern,and surface waters during 1958 are indicated. 
These values have been plotted in Figure 3 and compared with gross 
surface air particulate activity. It will be seen that surface air 
particulate levels are one million times lower than the rainfall values 
showm that the cistern water levels are lower than the rainfall 


levels by approximately one order of magnitude,and the surface water 


supplies are lower by more than one order of magnitude. For comparison 


the strontium-90 levels in Cincinnati milk are also shown. 
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Fig. 3 
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FALLOUT FROM NUCLEAR WEAPONS TESTS 985 

Rainout data in terms of curies of one-year old bomb debris per 
square mile for the period 1953-1959 are summarized in Table 12 and 
show that the levels have increased from a value of less than 0.1 in 
1953 to about 0.70 curies per square mile during the first four months 
of 1959. The one-year old material has a half life of about 365 days, 
and since the activity is deposited as fresh detonation products having 
a half life of a few days to old products having a half life of 5 
months or more, the activity when deposited was much greater than that 
indicated for the one-year old products. For example, the 1958 estimated 
fallout was 0.84 curies of one-year old products per square mile as 


compared to 6.3 curies of total activity per square mile at the time of 


deposition. 
The fallout data for 1958 is summarized in Attachment 6. 


Gamma spectral measurements and isotopic analyses, particularly 
for the determination of total radiostrontium and strontium-90 have 
been made. To date, the radionuclides identified from the gamma 


4 wy 131 
spectral measurements include ce! . and/or Ce , I 3 ‘ Rul and/or 


cel Os’, tr? -Nb?>, an°>, a”. x and probably wi85, 
The strontium levels found in rainfall samples are summarized in Table 
13 and range from 0.6 to 12.3 ywuc/l for total strontium and from 0.3 to 
7-5 wuc/l for sr?°., Values reported by the Lamont Geological Survey 


Observatory are included in the summary. 
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Table 12. Annual Fallout of Long-lived (One Year 01¢) 


Radioactivity - Cincinnati* 


Frecipitation Radioactivit 
Inches mm we / 1 mic / Me Curies/sa. mi. 


56 
41 


55 


Estimated long-lived activity from decay curves on 
individual rains. 


January 1 to April 29, 1959. 
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Table 13. Hadioactive Strontium - Rainfall —- jyc/1 


Total Strontium Strontium-90 Remarks 


June-Sent. 1957 Cincinzati rains 


June 27-28, 1957 1+ + Cincinnati rain - 
Cissolved fraction 


June 27-28, 1957 ‘ 0.9 + 0. Cincinnati raia - 
suspended fraction 


December, 1954 0.11 - Lamont Observatory 
Averaze 
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The suspended and dissolved solids in recent rains (January- 
Avril, 1959) have been concentrated on ion exchange resins and have 
permitted, at least qualitatively, detection of a wide variety of 
radionuclides some not previously identified on the unconcentrated 
rain samples. The gamma spectra identified in the three fractions: 
particulate, cation exchange resin, and anion exchange resin are 


summarized in Table 14. 


Since rainfall may serve as a source of drinking water, the radio-— 
activity of a number of cistern water supplies were routinely tested. 
Table 11 included data obtained for a private cistern in Cincinnati and 
Table 14 shows levels found in Coast Guard cistern water supplies located 
along the Atlantic, Gulf, and Pacific coasts. The levels have increased 


in ali instances, but are still considered low. Studies are underway 


to evaluate the efficiency of simple ion exchange systems for the removal 


of the bulk of the radioactivity associated with these supplies so that 
such systems may be installed when higher levels are encountered. Such 
simple control measures may be used to reduce radioactivity in such 


water supplies. 


The activity levels in the Cincinnati cistern increased during the 
year from an average value of 119 wuc/1 in January to a value of 346 
wuc/l in December. The highest activity levels were found in August when 


an average level of 459 wuc/l was found for six determinations. Gamma 
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Table 14. Gamma Lmitting Radionuclides - Rain samples 


(January-April 1959) 


Fraction 


Ash Farticulate 


Cation 2xchange 
Resin 


\nion Exchange 


KR n 
od esi 


al 


16n 


42165 O—59—-vol. 2——_4 


radionuclides 


elt Rul, 7795.95, 0960 


Celt, nal40_pal40, ¢g134,137, Rul06, 
2195-295, 75, sc, 2060 


Rul06, zr95-b95, mm54(2), 7265 
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106 


ms 103 and/or Ru, 


4 
scans showed the presence of ce: . and/or Ce » Ru 
Zr? 9=-Mb95, and +0, Recently, composite samples yielded strontium-90 
levels of 3 to 6 (average 5.8) and strontium-89 levels of 25 to 125 


(average 83) wic/1. 


The activity levels in the Coast Guard cistern water supplies 
(Table 15) ranged from 14 to 409 (average 130) in 1957, from 3 to 705 
(average 204) in 1958, and from 1 to 747 (average 374) in 1959. Gamma 
scans of the more radioactive samples showed the following gamma 


4 10 
emitting radionuclides: ce: ' and/or cel Ru 3 and/or Bu 


4 
229 5-Mb?> , 2n°>, .", and K "s Strontium determinations on composite 


samples show a level of strontium-90 ranging from 3 to 7 (average 4.7) 


and strontium-89 from 35 to 130 (average 77) wuc/1. 


In connection with the Basic Water Quality Data Program samples 
of Ohio River water were collected at Cincinnati and analyzed for gross 
radioactivity. As in 1956 (4), the ratio of total rain activity to total 
surface water activity was determined for the several months in which 
comparable data were available and reported in terms of the decontamina- 
tion factor (rainout or fallout activity divided by surface water 
activity). These decontamination values were plotted against the rain 
activity as shown in Figure 4 (5). It will be seen that removal of 
radioactivity by natural agents increases with increased radioactivity 


of the raine 
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Table 15. 


Gross Beta - uuc/1 
Total Dissolved 


14-4.09(130)* 10-319 (86) 
3-705( 204) 3-610(126) 


1-747( 374) 1-430(188 ) 


* Value in parentheses is average. 


Fer Cent 
Dissolved 


NUCLEAR WEAPONS TESTS 


Coast Guard Water Supplies 


sr90 
uc/1 


sr39 
we/1 


66 
62 


50 3-7(4.7) 35-130(77) 
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FALLOUT FROM NUCLEAR WEAPONS TESTS 993 
Food Activity Levels 

To obtain an estimate of the average radionuclide values in foods, 
samples purchased on the Cincinnati market were divided into different 
categories, mixed in equal amounts, ashed, and analyzed by gamma-ray 
spectrometry, by radiochemical methods, and by flame spectrophotometry. 
The classes of materials analyzed included eggs, fresh fruits, fruit 
juices, pastries, cereals, dairy products, sea foods, meat, fish, 
leafy vegetables, fresh root vegetables, fresh legumes and corn, 
instant coffee and tea, nuts - fried and salted, and rice. The vege-— 


tables and fruits were washed before processing. 


Analytical data including calcium, potassium, and specific radio-- 
nuclide levels in the various foods are shown in Table 16, and the daily 
intake (6, 11) values of these food materials are compared in Table 17 with 
intake values reported by Bryant, Chamberlain, Spicer, and “ebb (7). 

The estimated Cincinnati intake levels of 704% mg for calcium and 8.65 
wic/day for strontium-90 may be compared with British levels of 1199 m 
and 6.65 wuc/day, respectively. These levels will obviously vary with 


the levels of activity in specific food materials ingested in other areas. 


The contribution of calcium and sr’? from various food types is 
summarized in Table 18. From the data it will be seen that although 
approximately 60 per cent of the calcium comes from milk and milk pro- 


ducts in both instances, in Cincinnati only 36 per cent of the sr?° 
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Table 16. Calcium, Potassium, and Specific Rediomeclide Content of Foods* 


(Cincinnati - 1958 levels - activity levels at time of analyses) 











TT TT 








Sample Ca K sr69 gr 90 Balbo csl37™™ paced 
(ernVkg) (gm/kg) GemieGhd v<dnecss conn T 
Eggs 0.695 1.39 _ 3.0 0 2 0.52 
Fruits 0.178 2.h84 -- 3.7 2 63 _ 
Fruit Juices 0.128 1.791 -- aL 0 1 0.08 
Pastries 0.428 1.307 10 10.6 0 75 0.28 
Cereals 0.480 1.368 12.4 0 110 0.12 to 0.60 
Dairy Prod. 4.836 a 61 39.0 0 21 oO 
Sea Foods 0. 355 _— 0 0.2 0 25 -- 
Meats 0.172 3.483 0 1.0 0 160 0.10 
Leafy Vegetables 0.508 3.404 21 3922 u9 0 
Root Vegetables 0.273 3.632 7 12.5 3 53 oO 
Legumes and Corn 0.234 3.132 3 7.5 0 57 0 
Instant Coffee 1.900 4.280 : 0 1900 oe 
Instant Tea 0.150 5.320 150 60 -_ 890 _ 
Mixed Nuts 0.727 6.975 — 68.2 ) 350 2.23 
0.643 6.650 6 6.1 0 210 0.19 
Rice 0.1% 0.811 -- 1.2 0 95 0 
Milk (1958 av) 1.145 55 8.5 2h 75 0 





* Tata made available through courtesy of Dr. G. K. Murthy. 
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Table 1?. Average Daily Inteke by Adults of Strontium-90 in Various Foods 


2 | Food Daily Intake > 
PHS ( Murthy) (6, 11) Bryant et al. (7) 


Calcium Strontium-90 Calcium Strontium-90 





he 7 








(mg) (upc ) (mg) (yyc) 

> Fggs 2h 0.11 2k, 0.05 
a Fruits and Fruit Juices 16 0.31 58 0.87 
Pastries 3 1.00 332 0.66 

Cereals 10 0.27 nu Oo. 

Milk*& Dairy Products 410 3.10 667 3.64 

so | Sea Foods or Fish u 0.02 19 0.02 
Meats 51 0.30 27 0.40 
Leafy Vegetables 5 0.2 BT) 0.20 

Root Vegetables 8) 2.30 25 0.51 

Legumes and Corn 20 0.64 5 0.04 
Other Foods 15 0.19 15 0.15 

| Total 70k 8.65 1199 6.65 





* average sr” content of Cincinnati milk for 1958 is 8,5 pne/l, assuming 


average intake of 200 gm/day (approximately 200 ml/day) for milk, Higher 
intake levels are usually indicated for children, 


ae 
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Table 18 
Contribution of Calcium and sr” from Various Food Types 





Food Type PHS Data 99 British Data 
Ca Sr Ca S 
mg/day puc/day mg/day wc/day 
Milk Products 410 3-10 667 3.64, 
(58.2%) (35.09%) (61.1%) (54.7%) 
Vegetables 12h 3.36 L6 0.75 
(17.6%) (38.9%) (422%) (11.3%) 
Cereals and Pastries 53 1.27 343 0.77 
(7.5%) (14.7%) (31.4%) (11.6%) 
Meats, Eggs, Sea Foods 86 0.42 70 0.7 
(12.2%) (9%) (6 it) (7.1%) 
Fruits & Fruit Juices 16 0.31 58 0.87 
(2.3%) (3.6%) (5.3%) (13.1%) 
Others 15 0.19 15 0.15 
(2.1%) (2.2%) (1%) (2.3%) 


Total 70 8.65 1199 6.65 
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comes from this source; and in Great Britain about 55 per cent. A 
large part of the Cincinnati sr?? appears to come from vegetables, 
whereas a considerably smaller amount is taken in from this source in 


the United Kingdom. Other comparisons can be made from the data shown. 


Additional selected data are available on strontium-90 levels in 
food materials from the California area (8) and on the levels of an®°5 
found in food materials purchased on the Cincinnati market (9). These 
data are summarized in Tables 19 and 20, respectively. The data in 
Table 19 show that table processing, that is, washing of lettuce and 
paring of carrots, before use has a marked effect on reducing levels of 
strontium-90 in these food materials. Since 60 per cent of the stron- 
tium-90 was removed in washing the lettuce and 87 per cent in paring the 
carrots, these data imply that the bulk of the activity was surface de- 
posited or surface associated rather than metabolized. Data of this 
nature are of value, since they indicate the method and, in the case of 
food processing, will determine to some degree the level of radioactivity 
in processed food. Since the California situation involved high local 
fallout, the statements above of non-metabolized activity may not be 


generally applicable. 


Although the concentrations of 2n°5 observed in the foods listed in 
Table 20 cannot be considered to constitute a health hazard, they are of 


interest in pointing to the wide distribution of this radionuclide. 
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Table 19. Effect of Food Preparation on Radiostrontium Levels 





Sample Treatment $r99 — wuc/em - ash Reduction 
Before Treatment After Treatment (p) 

Lettuce “ashed 1.33 + 0.07 0.53 + 0.10 60 

Carrots Pared 1.47 + 0.10 0.19 + 0.09 87 
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Table 20 
Concentration of mn”? in Foods 














Sample Date of Sampling 7n°? -sys0 /ieg 
Sea Food 

Oysters (Chesapeake Bay) § March, 1958; January, 1959 12h; 178 

Clams (East Coast) May, 1958 . 40 
Moats® September, 1958 17 
Fresh Vegetables” August, 1958 4-12 
Eggs August, 1958 6 
Milk January, 1959 4 
Fresh Fruits® August, 1958 3 


° Equal parts of chicken, lamb, beef, and pork. 

b Equal parts of lettuce, cabbage, spinach, broccoli, celery, and cauli- 
flower; potatocs, sweet potatoes, carrots, beets, radishes, and turnips; 
and shelled peas, string beans, shelled lima beans, and corn, 

. Equal parts of apples, grapes, grapefruit, oranges, peaches, plums, 
strawberrics, and cantaloupe. 
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Bone Analyses 

A joint Atomic Energy Commission-Fublic Health Service study was 
initiated recently to measure activity levels in bone samples from 
the vicinity of the weapons test site. To date, 10 samples have been 
received from Utah and California. Freliminary findings show stron- 
tium-90 levels ranging from 0.2 to 2.7 wuc sr?°/em bone ash or 0.6 to 


90 
12.0 wc Sr /em calcium. 


Special Analyses 


During the course of some special studies on the Nevada soils Mi: 
following a nuclear detonation (balloon shot - 1957 series), two Fo 
previously unreported induced radionuclides, scandium-46 and cesium-1}4, ai 


were detected in fallout material (10). 


Total Intake 

Analytical data on specific environmental radionuclide levels is 
necessary to estimate the total daily intake of such radionuclides. For 
example, the daily intake of strontium-90 from a variety of sources has 
been computed in Table 2l. It will be noted that, depending on the 
source of water supply, the daily strontium-90 intake may vary from 
approximately 9 to 2); wuc. These data also show that strontium-90 in 
air represents an insignificant contribution to the strontium intake. 


It is also obvious that if a person uses a deep well supply, he may not 


get any strontium-90 through the water route. To estimate actual 





For 
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Table 21 


Strontium-90 Intake - Environmental Sources - Cincinnati™ 


Radionuclide Activity Daily Intake Intake of sr? 
Source 








Level ml or grams puc/day 
Air 107 — 1.2107? yyic/M 2x10” mi 0.002 - 0.24 
Water 
Cistern 3-7 wuc/1 2,200 ml 6.6 -15.4 
Surface 0.3 - 4.7 wuec/1 2,200 ml 0.66 -10.3 
Milk 8.5 wusc/1 200 ml 1.7 
Food 0.2 -60 wuc/ ke 1,025 gm 6.95 
Totals Minimum Values [ 9.3 = 15.3 wuic/day] 


Maximum Values [19,2 = 24.3 wuc/day] 


See notes under table 17. 
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exposure to man, it is necessary to determine the intake of all other 
radionuclides and to calculate the exposure due to each. Summation of 
these exposures will indicate total exposure from ingested sources. 

To this must be added external exposure from cosmic rays, natural radio- 
activity, occupational exposure, etc., as well as exposure from radiation 
producing devices or radioisotopes used in diagnosis and therapy. It 

is only through such calculations that we can isolate areas where people 
are receiving higzher levels of exposure, can carry out epidemiological 
investigations, and can reduce environmental levels before they become 


critical. 


SUMMARY AND CONCLUSIONS 


Results of findings from network operations as well as special 
studies by the Public Health Service at the Robert A. Taft Sanitary 
Engineering Center were reviewed. The use of environmental radioactivity 
values in estimating the total intake of strontium-90 is indicated by 
example. All of the data obtained, however, show the need for more 
knowledge of the factors affecting retention of strontium-90, particularly 
the effect of stable strontium and calcium. Since strontium-90 can be 
found anywhere in the environment, human studies can be carried out in 
which analyses are made of all food intake as well as all body elimina- 
tions. Thus, the objections of added radionuclides to carry out such 


studies are voided, and measurements are made with the radionuclide in 


the form in which it is taken into the body rather than in some other form 
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Extensions of the studies described herein are needed to define 
areas of higher activity level and permit initiation of the necessary 


specific control measures before serious dosage or exposure results. 
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ATTACHMENT I 


ROBERT A. TAFT SANITARY ENGINEERING CENTER 
OFFICE MEMORANDUM - UNITED STATES GOVERNMENT 


TO: Those Concerned DATE: January 20, 1959 


FROM: Chief, Radiological Health Research Activities 
Division of Radiological Health, SEC 


SUBJECT: Determination of Gross Radioactivity in Water, Silt, and 
Biological Materials. 


On January 30, 1957, the initial memorandum on this sub- 
ject (entitled Measurement of Radioactivity in Water, Bottom Silts 
and Biological Materials) was released. There was considerable 
interest in the information contained therein and many requests 
were received for this document. 


Additional experience at the Center since the prepara- 
tion of the original memorandum has suggested several minor modi- 
fications in methodology and some modification in the manner of 


presenting the material. These changes have been incorporated in 
the current revision. 


When programs for the measurement of gross activity in 
water, biological materials, and bottom muds are developed at 
local and State levels, the Sanitary Engineering Center will 
furnish control or check samples for processing by the cooperating 
laboratories. These reference samples will provide a basis for 


evaluation of the procedures used and for the uniform reporting and 
interpretation of counting data. 


The Sanitary Enginecring Center will provide further de- 
tails on the techniques and procedures used and will assist in the 
development of programs relating to the measurement of radioac- 
tivity in the environment if such information is desired. 


Any comments relative to the application of the method- 
ology incorporated in this material will be greatly appreciated. 


Conrad P. Sasa 


Conrad P. Straub 
Attachment 


42165 O—59—vol. 2 5 
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DETERMINATION OF GROSS RADIOACTIVITY IN WATER, 
SILT, AND BIOLOGICAL MATERIALS” 


1. INTRODUCTION 

The naturally occurring elements of the uranium, thorium, 
and actinium series, and some dther elements such as potassium, 
are radioactive. They emit alpha or beta particles, frequently 
accompanied by gamma radiation. The fission of mclear fuel 
gives rise to a mumber of elements, most of which emit beta and 


gamma radiation. 


As yet no stamiard procedures have been developed for 
the radiological examination of water samples, silts, and 
biological specimens. The methods outlined below are based on 
general methods modified, tested, and used by personnel of the 
Radiological Health Research Activities group, DRH, Robert A. Taft 


Sanitary Engineering Center, Cincinnati, Ohio. 


2. SCOPE AND LIMITATIONS 
Measurements of radioactivities of the order of 10 micromi- 


crocuries per liter (1078 po/ml) or lower are needed to determine 


the natural background radioactivity in waters and to detect increases 


* - Prepared by RHRA, DRH, Robert A. Taft Sanitary tngineering Center, 
Public Health Service, U. S. Department of Health, Education, an 


Welfare, Cincinnati 26, Ohio. 
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in activity before they reach levels which would interfere with 

the use of the water. The Committee on Permissible Internal 

Dose of the National Committee on Radiation Protection has estab- 
lished a provisional maximum permissible concentration of 1077 peo/ml 
for unknown alpha or beta emitters.* A suitable assay method should 


be able to detect activities as small as one-tenth of this. 


Since no instrument currently available is capable of measur- 
ing activities of this level in water directly, some method of con- 
centration is required. The method ordinarily used is evaporation 
even though radioactive gases and volatile substances may be lost. 
Isotopes with short half-lives will die out during sample prepara- 
tion. Within these limitations the method will give an adequate 
measurement of total activity providing the solids content of the 
water is not too great. For determination of the activity due to 


specific elements more elaborate techniques are required. 


This method is not intended to be highly accurate. Extreme 
accuracy in such a method would be deceptive, since the pollutional 
Significance may vary by a factor of 1000 or more if different iso- 


topes are present from time to time. 





* - National Bureau of Standards Handbook 52, U. S. Lept. of Commerce, 


March, 1953, page lle 
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One of the major sources of inaccuracy is the uncertainty 
in the calibration factor, in particular the self-absorption. 
This uncertainty for 5 mg/cm? thickness of sample solids may lead 
to an error of probably less than 25 per cent in the beta assay and 
more than 25 per cent in the alpha assay. If there is sufficient 
activity to warrant a more accurate determination, a smaller sample 
can be assayed so that the final thickness of sample solids is 
1 mg/cm* or less. In this smaller sample, the self-absorption 
error is reduced, but an appreciable residual error may remain, 
due largely to uncertainty in backscatter and to non-uniform 


deposition. 


Another source of error is the effect of alpha activity on 
beta counting. The alpha plateau extends into the beta plateau 
with a slight slope. As a consequence somewhat more than one count 
is recorded at the beta voltage for each alpha count. If the alpha 
count is much lower than the beta count, this error is small. If 
the alpha count is comparable to the beta count, then the alpha is 
ordinarily of more pollutional significance, and the resulting 


error in the beta assay is less important. 


In order to obtain a rounded picture of the radioactivity 
level of a stream, determinations of the radioactivity of the silts 
and of biological samples are also desirable. The limitations of 


the method as applied to these materials are comparable to those 


applicable to water. 
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2.1 Principles of Sample Preparation: In any radioactivity 


determination, the nature of the sample presented to the counter 
must be in conformity with the requirements of the counter. These 
requirements are that the sample ‘be small enough in area for the 
detector to observe it efficiently -nd that it be thin and uniformly 
spread, for minimum self-absorption. Minimizing self-absorption 
contributes to counter efficiency and also to the reliability of 

the correction factor. In addition to these general requirements, 
an internal counter has specific requirements--the sample should 

be a reasonable good electrical conductor and mst make good elec- 
trical contact with the chamber, it must not give off vapors which 
would change the characteristics of the counting gas (in particular, 
it mst be thoroughly dry), and it must not be dusty or flaky so as 


to contaminate the chamber. 


In practice, a compromise must be made between some of these 
requirements. For example, a thin sample of small area would re- 
quire a small volume of sample except for samples of low solids 


content. by choosing a counter which "sees" a two-inch pan (about 


a 


20 sq cm), a solids content of about 100 mg can be tolerated with- 


out serious difficulty. Thus, 250 ml of a water with solids amounting 


to 400 ppm, and correspondingly larger amounts of water of lower 
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not to go below 250 ml, even if the solids content is considerably 
above 400 ppm. However, if the activity present is sufficiently 
high that a smaller sample will give enough counts (see section ) 


in a reasonable time, the smaller sample should be used. 


Care must be taken to avoid contamination of glassware or 
other equipment. Glassware is washed with acid and the acid dis- 
carded; very dirty equipment is cleaned with disposable pads. Glass- 


ware used for samples of high activity should not be used for samples 
of low activity. 


3. COUNTING TECHNIQUES 

The disintegration of radioactive atoms results in the 
emission of alpha or beta particles, which may be accompanied by 
gamma radiation. The function of the instrumentation is to detect 


the particles with as high an efficiency as possible. 


Most counters operate on the principle of collecting the 
electrons which are produced by the alpha or beta particles passing 
through the counter gas. These electrons are collected on a thin 
wire maintained at a high positive voltage. An internal proportional 
counter is suggested in this method, since it has been found capable 


of counting either alpha or beta activity with a high efficiency; 


it has been tested extensively and found satisfactory. 
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The details of counting will depend on the specific instru- 

ment purchased and will vary in accordance with instructions contained 

in the operating mamual. In general, a counting gas specified by 

the instrument mamfacturer will be used and the instrument will 

detect either alpha or alpha-plus-beta activity depending on the 


operating voltage. 


3.1 Plateau; Operating Voltage: Counting is done at a voltage 


where the count rate does not change much for a small voltage change. 


This plateau region is determined by the following technique. 


Using an alpha source, having an area comparable to the 
largest sample dishes, make a series of determinations of the 
counting rate versus voltage above and below the approximate alpha 
operating voltage indicated by the manufacturer and plot the results. 
There should be a region extending over at least 150 volts where 
the counting rate is relatively independent of voltage. Choose 


the alpha operating voltage near the center of this region. 


Using a large-area beta source, make a similar series of 
measurements and determine the beta plateau and beta operating 


voltage. 


3-2 Instrument Operation; Background: In order to assure that 


counters are operating properly, they are checked two or three times 
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a day by counting an alpha or beta source of krown counting rate.* 


The counting rate so determined should check the known rate within 


two standard deviations (2 per cent if the cotal count is 10,000). 


If the determination is not within this precision, the operating 
voltage should be checked and, if necessary, a new plateau deter- 
mination made. If this does not correct the discrepancy, the in- 


strument requires servicing. 


Alpha and beta backgrounds are determined by measuring the 
instrument counting rate at the appropriate voltage with a clean 
empty counting pan in the chamber. Background should be measured 
two or three times a day and the average background counting rate 
calculated. Total background counting time should equal or exceed 
the longest sample counting time used but too extensive background 


counting time is of questionable value. 


3-3 Sample Counting: Samples are counted by placing them in 
the counting chamber at the appropriate operating voltage, flushing 
the chamber to replace the air with counting gas, and recording the 


counts over a specified time. 


The sample placed in the chamber mst not unduly affect the 


electrical properties of the chamber or change the nature of the 


% = The "known counting rate" may be determined by counting the 
source for a period long enough to give desired precision. A 
total of at least 40,000 counts (1%) is suggested. 
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chamber gas. In particular, the sample must be thoroughly dry. 


3.4 Calibration of Overall Counter Efficiency: Since no 


instrument can detect all the radioactive disintegrations occurring 


in a sample, it is necessary to correct the observed counting rate 


for this inefficiency. 


A mumber of factors are involved in this loss of counting 
efficiency. These include geometry, back-scatter, absorption, 
and self-absorption. The effects of these factors are discussed 


in detail below. 


These factors are constant for a given instrument, sample 
preparation method, and radioisotope. When the nature of the 
radioactive material is not known, the factors cannot be determined 
exactly. The corrections used in this method are based on the 
assumption that alpha activity is due to natural uranium, and the 


beta activity to mixed fission products (fallout). 


The overall efficiency of counting may be determined, without 
any knowledge of the efficiency factors involved, by adding a known 
amount of radioactive material to a counting pan and measuring the 
counting rate. Since the sclf-absorption correction depends on 
the thickness (mg/cm?) of sample solids, it is necessary to prepare 


a mumber of such counting pans containing varying weights of solids. 
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Calibrated solutions of various isotopes are available from 
the National Bureau of Standards. Of these, thallium-20) is used 
most frequently as a calibrating standard simlating fission pro- 
ducts, and is therefore recommended for the beta determination. 
Uranium salts are recommended as calibrating standards for the 
alpha determination. (Note: 1 mg natural U emits 1520 alpha 


particles per minute.) 


Prepare, in weighed counting pans, several non-radioactive 


samples of different weights up to 300 mg by processing variable 


volumes of tap water or variable weights of appropriate uncon- 


taminated sample solids. Add to each an identical aliquot of 
uranium or thallium-20) containing about 1000 counts per minute, 
for alpha or beta calibration, respectively. Add water, disperse 
the radioactive material uniformly, dry, weigh, and count. Livide 
the observed net counting rate by the known disintegration rate 
for each sample to obtain counting efficiency. Plot a graph of 


counting efficiency versus weight of sample solids as a calibra- 


tion curve. 


3.4.1 Alternate Method: Use of Known Efficiency Factors: 


Geometry (G) -- Not all the radiation is emitted in the 


direction of the detector. The geometry factor measures the 


* - If the solids content of tap water is so low as to make this 
impractical, fine calcium carbonate may be added before pro- 
cessinge 
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fraction of radiation emitted in the proper direction. For a small 
sample in the center of a counting pan in an internal counter, this 
fraction is 0.50 (50 per cent) and it has been shown experimentally 
that this factor may be used for a sample spread uniformly over a 


two-inch diameter counting pan. 


Back=-scatter (B) -=- When a sample is mounted on a metallic 
counting pan, a fraction of the beta particles emitted into the 
pan is reflected into the detector. This is called back-scatter, 
Alpha particles are also back-scattered, but to a much smaller 


extente 


Absorption -- In instruments in which the sample is out- 
side the detector, some of the alpha and beta particles are 
stopped in the window of the detector or by the air gap between 
sample and window, and are not counted. This does not occur in 


internal counters. 


Self-absorption -=- Loss of radiation in the sample itself 
is called self-absorption. Some of the radiations from lower 
levels are absorbed before they can penetrate through the sample, 
and so do not reach the detector. Alpha and low-energy beta 
particles have very low penetrating power and so are especially 
susceptible to counting loss by self-absorption. The transmission 
factor (T) measures the fraction of the radiation which is not 


lost by self-absorption. 
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Counting efficiency (e) -- The counting efficiency of an 
internal can be obtained by multiplying together the factors 
G, B, and T. For alpha activity, e *« 0.50 x 1.02 x T or 0.51T. 
For beta activity of mixed fission products mounted on a stain= 
less steel dish, e = 0.50 x 1.36x T= 0.68T. The values of T 
for samples of different thickness are listed in the following 
table. In general the greater the sample thickness the less 


reliable is the value of T. 


2 
Sample Thickness In mg/cm Giving Stated T 


z L690 0.9 0.8 Oo7 0.6 UedD 
Beta* 0 1.4 3.9 6.6 13.5 --- 
Alphas 0 0.8 1.6 24 32 le Oi 


* - For mixed fission products. 
*##* = For natural uraniume 
2 
#4 - For sample thickness above mg/cm divide 2.0 by 


the thickness, e.g., T # 0.25 for 8 mg/cm « 


4. STATISTICAL VARIABILITY OF MEASUREMENTS 

The variability of any measurement is denoted by the 
standard deviation, which can be obtained from replicate determi- 
nations by well-known methods. There is an inherent variability 


of radioactivity measurements because the disintegrations occur 


in a random manner described by the Poisson distribution. This 
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distribution is characterized by the property that the standard 


deviation (s) of an average number of events (NM) is equal to its 


square root or 


1/2 
s(N) »\N (1) 


If a single observation is made, the observed value (N) is taken 


as equivalent to the true value (N) so that 


s(N) = y/2 (la) 


Generally, we are not interested in the standard deviation 
of the number of counts, but rather in the deviation of the rate 
(R) (number of counts per unit time): 


Re 


+= 


(2) 


where t is the time of observation, which is assumed to be known 


with such high precision that its error may be neglected. The 


standard deviation in the counting rate can be calculated by the 


usual methods for propagatior of errors 


s(R) «= whl? 4 ~ (r/t)*/* (3) 


/ 


In practice, all counting instruments have a background 


counting rate, Bb, when no sample is present. When a sample is 


present, the counting rate increases tof, The counting rate 


(R) due to the sample then is 


Re FoB (4) 
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By propagation of error, the standard deviation of R can 
be calculated as: 


S(R) = (Rip 'e,+B/t,) (5) 


where t, and to are the times over which the gross sample and back- 
ground counting rates were measured, respectively. Practical 
minimum counting times are 30 mimtes or 2500 total counts above 
background, whichever is less, It is desirable to divide the 
counting time into two equal periods, so as to check the 

constancy of observed counting rate. For low-level counting, 

t. should be about the same as t,. The error thus calculated 
includes only the error caused by inherent variability of the 
radioactive disintegration process and should be reported as 


the "counting error", 


4.1 Limits of Error; Confidence Levels: If the standard 
deviation is mitiplied by a constant, limits of error are ob- 
tained. For each constant, there is a confidence level, as 
listed below 

Constant Confidence Level 
0.67 50% 
1.00 68% 
1.64 90% 
1.96 
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There is a 95 per cent probability that the true value 
lies within © 1.96 standard deviations of the observed value. 
This 95 per cent confidence level is used throughout this 


presentation. 











5. APPARATUS AND EQUIPMENT 





5.1 Counting Instrumentation: Internal proportional counter 


chamber, preamplifier, scaler, register, and timer, with suit- 





able counting gas supply. 





This may be purchased as separate 


units or as a complete assembly. 





The chamber shall accept sample 


dishes approximately 2 inches in diameter and 1/) inch highe 






5.2 Counting Pans: Stainless steel, approximately 2 inches 


in diameter and 1/) inch high. 







Other suitable metal pans may be 


used with allowance made for the proper backscatter factor. 











5.3 Radioactive Sources: A suitable alpha source consists of 
uranium oxide (U0g) plated on a metal planchet of not less 


than 5 mm diameter. 


A suitable beta source consists of a uranium source as 


that above which is covered with 0.001 inch alumimum foil. 






5.4 Filters: Cellulose acetate membrane filters (Millipore 





HA or equivalent), 45-50 mm, in diameter and associated filtering 
equipment. 
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6. SAMPLE COLLECTION 

6.1 Watert Representative samples of at least one liter in 
size shall be collected in polyethylene or resistant glass bottles, 


No acid or preservative shall be added to the samplese 


6.2 Silts: Representative silt samples of not less than 
one-half pint shall be collected in large-mouth, water- 


resistant containers. 


6.3 Biological Material: Fish and other large specimens 
(crayfish, snails, insect larvae, etc.) -- Wash free of any 
extraneous matter, such as sand, blot dry, and weigh in the field. 
Glass or plastic containers are suitable for collection. a@efriger- 
ation rather than preservatives is recommended. Formalin or 
alcohol may be used as preservatives on samples to be processed 
for total activity providing the preservative is processed as 


part of the sample. 


Algae, plankton, very small specimens -- Collect samples 


of two grams (or more, if available) free from extraneous matter, 


blot dry, and weigh in the field. The remarks in the previous 


paragraph concerning preservation also apply to these samples. 
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7. SAMPLE PREPARATION 
7el water Samples: The size of the sample to be counted is 
limited by the solids content, as aiscussed in section 2el.e For 


itivity, the minimum sample size should be 250 ml for 


and maximum volumes as indicated in the 


Solids Content 


2000 


2500 


Telel is i Nadioactivit 
a sample of suitable size through a membrane filter with vacuum, 
Retain the filtrate for use in section 7.1.2. wash the filter and 
solids with distilled water and suck air through to dry. Trans- 
fer filter and solids weighed counting dish, saturate with 
ethyl alcohol, and burn off the alcohol. If any of the filter 


remains, add a second portion of ethyl alcohol and burn it off, 


Flame the dish for a few seconds, then cool, weigh, and store in 
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a desiccator until ready to counte Postpone counting for at 
least four hours to permit decay of short-lived natural radio- 


activitye 


7ele2 Filterable (Dissolved) Radioactivity: Transfer the 


filtrate from 7.1.1 to a Pyrex beaker and evaporate to near dry- 
ness without boiling (a gentle stream of filtered air may be 
passed into the beaker to speed up the evaporation). Transfer 
the residue to a weighed counting pan with the aid of a wash 
bottle and a rubber or plastic policeman. Rinse the beaker with 
a few ml of distilled water (plus not more than 1 ml of 1 N HCl), 
police down the beaker walls and transfer the rinse liquids to 
the counting pan, dry (103°C), weigh,and store in a desiccator 


until ready to counte 


7-2 Silt Samples: Remove any extraneous matter, such as 
gravel or bits of vegetation, from a representative portion of 
the sample, and, if necessary, air-dry and grind to a homogeneous 
powder, Make a thin slurry with distilled water and transfer 
enough sample to each of three counting pans to give dried weights 
of about 50, 100, and 200 mg, respectively. Dry in an oven at 
103°C, weigh, and store in a desiccator until ready to count. The 


50- and 100-mg samples are alpha-counted; the 100- and 200-mg 


Samples are bcta-counted,. 
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If sample solids are powdery, treat them with one ml of 
a solution of lucite in acetone (0.5 g per 100 ml), and enough 


additional acetone to wet the sample completely, re-dry, and count. 


7-3 Biological Materials: Process a sample of 2 to 10 grams, 
if available, Remove any visible extraneous matter, such as silt, 
from the specimen by washing with distilled water, blot dry, and 
re-weigh to determine live weight. Place the sample in a weighed 
porcelain or silica dish (or in a counting pan, if it is suffi- 
ciently small), and determine dried solids (103°C) and fixed 
solids (600°C). Distribute up to 200 mg of fixed solids in a 
counting pan. Dry (103°C), cool, weigh, and store in a desiccator 
for counting. Notes If the sample solids are powdery, treat 


them with lucite as described in section 7.2. 


70301 Wet-Ashing Method: Some biological materials, 
especially those containing fatty tissues are difficult to 
process according to section 7.3. An alternate method is to 
digest 2 to 10 g of sample in a porcelain or silica dish with 
6N nitric acid first at room temperature until liquified and 
Subsequently at a boiling temperature. Evaporate to dryness and 


ignite at 600°C. Cool, weigh, transfer known aliquots of up to 


200 mg to counting pans, and proceed as in section 7.3. 
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8. COUNTING PROCEDURE 


8.1 Alpha Counting: Count the sample at the alpha operating 


ane Te RE 


voltage for a time sufficient to give the necessary precision, as 


discussed in section . 


8.2 Beta Counting: Count the sample at the beta operating 
voltage for a time sufficient to give the necessary precision, as 


discussed in section he 


9. CALCULATIONS AND REPORTING 
General calculations applicable for the assaying of gross 
alpha or gross beta activity in any counter are as follows: 
Let R equal R,-B or the net counting rate of a sample 
(equation 4, section ). 
Let t equal the time in minutes for counting. 
e " the efficiency of counter in cpm/dpm = GBT for 
internal counter (section 3..1) 
E " the error of count at the 95% confidence level, 
i.e., 1.96 standard deviations from equation 
5, section k. 
By definition, 2.2 dpm #= 1 pyc. 
Then the radioactivity (ppc/sample) equals 8/2.2e and the 
counting error at the 95% confidence limit (yyc/sample) is 
= 1.96 s(R)/2.2e (section 4.1) 
1.66 (R,*B 
t 





*® 2.26 
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9.1 Alpha Activity of Water, Silt, or Biological Material: 
Report the alpha activity in water and the counting error in terms 
of ppc/l by dividing the yyc/sample by the sample volume in liters. 
Similarly, calculate and report the alpha activity in yac/gram of 
moist biological material or per gram of moist and per gram of dry 


silte 


9.2 Gross Beta Activity When Alpha Activity Is Insignificant: 
For samples having an alpha activity less than one-half of the 
beta counting error (both in cpm), calculate and report the gross 
beta activity and counting-error in pyc/liter of water or fluid, 
ppc/e of moist (live weight) biological material, or yyc/g of 
moist and per gram of dry silt according to sections 9.and 9.1 


disregarding the slight amount of alpha activity. 


9.3 Gross Beta Activity When Alpha Activity Is Signiiicant: 
For samples having an alpha activity greater than one-half of the beta count- 
ing error (both in cpm), deduct the net alpha cpm from the net 
beta cpm to give the corrected beta cpm. Proceed as in 9.2 to 
calculate and report the beta radioactivity in pyc/liter of 
water, upc/g of moist biological sample or per gram of moist and 
dry silt. When the alpha activity represents a small fraction of 
the beta activity, a rough approximation of the beta counting error 


consists of the gross beta counting error. Where greater precision 
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is desired, such as when the alpha activity is a substantial 
fraction of the gross beta activity, the beta counting crror = 


(x + BY? where Ee alpha counting error, 


and BO # beta counting error, 


9.4 Miscellaneous Information To Be Reported: In reporting 
radioactivity data, it is important to adequately identify the 


sample, sampling station, date of collection, volume of sample, 
type of test, type of activity, type of counting equipment, 


standards used for calibration, time of counting (particularly, 





if short-lived isotopes are involved), weight of sample solids, 
and the kind and amount of radioactivity. Insofar as possible, 
the data should be tabulated for ease of interpretation ani 
repetitious items should be incorporated in the table heading or 
in footnotes. Unless particularly inconvenient, quantity units 
should not change within a given table. For low level assays, 


where the counting error represents a significant fraction of the 





measurement, it should be reported to assist in the interpretation 


of results, 






9.5 Reporting Forms An example of the form of reporting is 


as follows: 





Sam 
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Beta Radioactivity of Surface Water 


for "A" River 1959 


Solids** Beta Activity** 
Sampling Date Date Susp. Dissol. Susp. Dissol. Total 
Stae Sampled Countec ppm ppm ppe/l =ypye/l upc/l 

1 6/10 6/15-16 300 200 30 60 90 

1 7/20 7/22 800 210 4,00 80 480 

2 7/20 7/22 20 220 25 60 85 

3 7/20 7/22 20 230 25 & 85 

* Date of counting suspended and/or dissolved activity 


sete Based on 500 ml samples and membrane filters 

s+ Counting time 30 mintues, thallium-20) standard and 
counting error at the 95% confidence limit of less than 
10 ppe/l except in (a) the error of which is 25 pre/l. 
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10. APPENDICES 

10.1 Methods Using Other Instrumentation: The instruments 
described in this section are less sensitive than the internal pro- 
portional counter described earlier or our experience with them is 
too scant for adequate evaluation. In addition, the instruments 
may not be adequate to both the alpha and beta determination. 
However, in order to encourage cooperation by laboratories which 
may have such instrumentation, methods for use with them are dis- 


cussed briefly. 


In general, the method as described for internal proportional 
counters is applicable with changes as required by the instruments. 


For example, most end-window Geiger tubes are designed for use with 


samples one inch in diameter, and counting dishes, and alpha and 


beta sources of suitable size will have to be chosen. Use of 
smaller dishes will increase self-absorption losses, and samples 
may have to be reduced in size with consequent loss of sensitivity. 


A brief description of other instrumentation follows. 


Scintillation Counter - The (alpha) scintillation type detector con- 
sists of a photomltiplier tube equipped with an alpha-sensitive 
phosphor and its circuitry encased in a light-tight housing. Since 
the output pulses are too small to trigger a conventional scaler, 

an amplifier is required. Some sort of sample mount permitting 


reproducible positioning of samples mst be used. 
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Photomltiplier tubes may be permanently damaged by excessively 
high voltage. For this reason, it is necessary to determine the pla- 
teau region very carefully and to stop as soon as a suitable operating 
voltage 50-75 volts above the lower end of the plateau is determined. 
Care must be taken to avoid exposure of photomltiplier tubes to 


light with the high voltage on. 


Scintillation counters have been widely used for alpha counting; 
from our very limited experience with them, they seem to have counting 
efficiencies somewhat lower than internal proportional counters, with 
comparable backgrounds. Since the sample is external to the detector, 
its electrical properties or any tendency to emit vapors do not 


interfere. 


Scintillation counters have been used for beta counting, 
with anthracene crystals or organic plastic scintillators re- 
placing the alpha-sensitive phosphor. The Sanitary Engineering 
Center has not had any experience with this technique, and therefore 


cannot specify or recommend any procedure. 


Geiger-Muller Tube - The detector of a Geiger-Iftiller unit 


consists of a Geiger-Muller tube having a thin (< 2 mg/sq cm) 


window to permit entrance of particles, with a sample mount to 
permit reproducible positioning of samples. These are usually in- 


side a lead shield one or two inches thick to reduce the background 
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radiation. No amplifier is required since the G-M tube produces 


a pulse large enough to operate a conventional scaler directly. 


Geiger-Muller detectors have the advantage of simplicity 


in not requiring an amplifier unit and, since the sample is external, 
they have no counting difficulties arising from the electrical or 
chemical nature of the samples. On the other hand, they are almost 
insensitive to alpha particles and have only ten to twenty per cent 
of the beta efficiency of an internal counter, and somewhat less 
than this for beta particles of low energy. This disadvantage 

is only slightly offset by the lower background of these tubes. 
Geiger tubes, like photomltiplier tubes, may be ruined by appli- 
cation of excessively high voltage, and so the precautions necessary 
in determining plateaus of scintillation counters are also applicable 


to them. 


Since they cannot be used in alpha determinations and are 
relatively insensitive in the beta determination, Geiger-Muller 
units cannot be recommended for determining low-level radioactivity 
in water or stream samples. As an additional unit, they can be 
very useful in determining energy of beta emitters in cases where 


higher levels of activity exist. 
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Suggested Reading Material: 


General 


Friedlander, G. and Kennedy, J. W. lluclear & Radiochemistry, 


New York, John Wiley & Sons, Inc. (1955) 


Lapp, #. E. and Andrews, li. L. Nuclear Radiation Physics, 


New York, Prentice-Hall. (195k) 


Glasstone, 5. Sourcebook of Atomic Energy, New York, Van 
Nostrand. (1950) 


Instruments And Measurement 


Taylor, LD. The Measurement of Radio Isotopes, tiew York, 
John Wiley and Sons, Inc. (1951) 


Nader, J. 5., Hagee, G. RK. and Setter, L. & Evaluating 
the Performance of the Internal Counter,. Nucleonics 12 


(6), 29 (195h)* 


Graf, W. L., Comar, C. L. and Whitney, I. 5. Relative 
Sensitivities of Windowless and End-Window Counters .. 


Nucleonics 9 (6), 22 (1951) 


Assay of Water and Stream Samples 

Setter, L. R., Nader, J. S. and Magee, G. x. Limitations 
in the Use of the snd-Window Counter in the Assaying of 
Streams for Leta Radioactivitye. USAEC Doc. Wash-129 

pe 165 (1952)% 


* Available from SEC on request. 
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Burtt, B. P. Absolute Beta Counting,. Mucleonics 5 (8), 


28 (1949) 


Nader, J. S., Setter, L. R. and Goldin, A. S. The Deter- 
mination of Alpha and Beta Radioactivity in Surface and 
Ground Water and in Fresh Water Biota,.. USAEC Doc. Wash-129, 


p. 184 (1952) 


Goldin, A. S., Nader, J. S. and Setter, L. R. Detectability 
of Low-Level Radioactivity in Water.. J. Am. Water Works 


Assoc. 45, 73 (1953) 


Setter, L. R., Goldin, A. S. and Nader, J. S. Radioactivity 
Assay of Water and Industrial Wastes with Internal Propor- 


tional Counter.. Anal. Chem. 26, 130 (195k) 


Setter, L. R. and Goldin, A. S. Measurement of Low-Level 


Radioactivity in Water,. J. Am. Water Works Assoc. 48, 


1373 (1956)% 


Robeck, G. G., Henderson, C. and Palange, R&R. C. water 
Quality Studies on the Columbia River.. Esp. pp. 50-79; 


pp. AlS to A52. (195h)# 


* Available from SEC on request. 
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10.3 Equipment Specifications: 


Scaler: 


Input Sensitivity 0.25 volts 


High voltage supply 0.250C volts, with regulation such that 


1% change in line voltage results in about 0.01% change in 


output. 


Scaling stages either (a) binary, 8-16-32 (higher scales 
convenient but not essential), (b) decimal, scale of 


100 or higher. 


Timer adjustable to 1 sec or 0.01 mimute; longest range 


at least 1 hour (may be purchased separately). 


Register, electrical or mechanical capable of being driven 


(may be purchased separately). 


Suitable scalers are available from a large numberof dis- 


tributors. See, for example, Buyers Guide in November 


1958 Nucleonics. 


Internal Proportional Chamber-Preamplifier Unit: 
Note: Since it is very desirable that the chamber and 
preamplifier be matched to each other, they are listed 


together, although separate units may be satisfactory. 
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Large enough to accept sample dishes two inches in dia- 


meter and 1/4 inch high. 


Able to count alphas in presence of betas and also alpha- 


plus-beta. 

Alpha background less than one cpm. 

Beta background less than 75 cpm. 

Output pulse at least 0.25 volts. 

Chamber should be easy to decontaminate. 
Distributors known to us. (1) (2) (3) (l)* 


Counting Dishes: 


Stainless steel, 18-8, able to withstand nitric acid and 


heating to 600°C. 
Two-inch diameter and 1/ inch high (approx. dimensions). 
Distributors known to us. (2) (3) (5)* 


Radioactive Sources: 


Uranium oxide, plated, 45-50 mm active diameter. 


Suggested activity (50% efficiency) 10,000 cpm. 


Distributors known to use (6) (7)* 


%* = Numbers in parentheses refer to attached distributor list 
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Filters: 
Cellulose acetate, membrane filter type 
Pore size less than 0.6 micron 


Diameter 5-50 mm 
Distributors known to us (8) (9)# 


Scintillation Detector Assembly: 


Photomltiplier tube, Dumont #6292, RCA #5819, or equivalent, 


with tube base voltage divider 


Pre-amplifier 
Phosphors which are sensitive to the type of radiation 


(alpha or beta) to be measured 


Note: It is preferable that the above units be furnished 

as a complete assembly in order that they be properly 
matched. A pre-amplifier built into a scaler is satis- 
factory provided it is adequately sensitive, otherwise 

a separate amplifier will be necessary. Background levels 

on such equipment should be less than 1 cpm for alpha 
activity and less than 75 cpm for beta activity. Varied 
phosphor materials are available and can usually be inter- 
changed in the same assembly. Those most commonly employed 
are (1) for alpha measurement, zinc sulfide (silver activated) 


and (2) for beta measurement, anthracene or organic plastic 


list scintillators. 





#* = Numbers in parentheses refer to attached distributor list 
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Scintillation detectors including phosphors are available 
from a large number of distributors, see Buyers Guide, 


November 1958, Nucleonics 


Geiger-Muller Tubes: 


End-window type, window diameter preferably an inch or more 
Self-quenching 

Window thickness 2 mg/cm@ or less 

Plateau of at least 100 volts with a slope of not more than 


3% per 100 volts 
Tube life at least 108 total counts 


Available from a large number of distributors, see Buyers 


Guide, November 1958, Nucleonics 


Shields (For background reduction with Geiger-Muller Counters): 


Wall thickness one inch of lead or equivalent 
Inner sleeve of a low atomic number material (iron, brass, 


or aluminum) next to lead 
Equipped with mount for counter tube 
Hinged door providing easy access for changing samples 


Available from a large mumber of distributors, see Buyers Guide, 


November 1958, Nucleonics 


* - Numbers in parentheses refer to attached distributor list 
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Equipment Distributors: 


Note: This is not intended as a complete list of suppliers 
nor to indicate any preference for the companies listed 
over unlisted ones. It is merely a list of distributors with 


whom we are familiar. 


Companies whose names are followed by (c) carry a fairly complete 


line of radioactivity instrumentation. 


Baird Associates - Atomic Instrument Co. (c) 


Cambridge 38, Massachusetts 


B. J. “lectronics, Detectolab Products 


Santa Anna, California 


Radiation Counter Laboratories, Inc. (c) 


Skokie, Illinois 

Nuclear Measurements Corporation, Indianapolis, Indiana 
NeR.D. Instrument Company, St. Louis, Missouri 

U. Se Radium Corporation, Morristown, New Jersey 
Canadian Radium and Uranium Corporation, New York, N. Y. 
Millipore Filter Corporation, Watertown, Massachusetts 


Schleicher and Schuell, Keene, N. H. 


42165, O—59—vol. 2———-7 
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10. 


ll. 


12. 


13. 


15. 
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Tracerlab, Inc. Boston 10, Massachusetts (c) 


Nuclear Instrument & Chemical Corporation, Chicago, DLlinois (c) 


Radiation Instrument Development Laboratories, Chicago, Ill. (c) 


Technical Associates, Burbank, California 


The Atomic Center, New York, New York 


Berkley Division of Beckman Instruments, Inc., Richmond, California, 


Revised: January 15, 1959. 
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ATTACHMENT II 


The Determination of Gross Beta Activity of Airborne Particulate 


Matter - Thin-Window Proportional Counting of Whole Filter Samples 


Apparatus: 
1. Air particulate samples are collected on 8 x 10 inch glass fiber 
filters (Mine Safety Appliance, Pittsburgh, Pa., Cat. No. CT-75428), by means 


of a high volume (0-60 cfm) blower. The dust particles are deposited on an 


area 7 x 9 inches. 


2. A large area (7.5 inch diameter) proportional gas-flow counting 
chamber and preamplifier (Nuclear Measurements Corporation, Indianapolis, Ind., 
Model PCC-12) was converted to a thin-window (Mylar) counter, connected to a 
conventional scaler and timer (Nuclear Chicago Model No. 181A decade scaler and 
Model Tl timer) and used for counting. The filter sample, placed on a sliding 
tray (which replaced the piston), was centered beneath the counting chamber 5mm 
below the thin-window. With this arrangement the ends of the filter sample 


overlap and the slides underlap the window diameter which has an area of 4.19 


sq inches. 


A standard source (secondary standard) of uranium oxide* plated on stain- 
less steel and covered with 8 mg/cm* of aluminum foil is used to determine the 
voltage plateaus and check instrument performance. Standard solutions of 


thallium-20## are used to determine the counting efficiency of an instrument. 





* U. S. Radium Corporation or equivalent 


** National Bureau of Standards, Department of Commerce, Washington 25, D. C. 
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Instrument Calibration 

Prior to calibration and counting, the counting chamber is routinely 
flushed with counting gas for about an hour. The secondary standard of 
uranium oxide### is centered under the counting chamber window, a distance 
of 5 mm and counted for 1 minute at a center wire voltage of 1500 V. and 
up in increments of 50 V. until the length and slope of the plateau has 
been defined. A counting rate of less than 6 per cent variation for a 
200 V. change in operating voltage is considered a satisfactory plateau. 
The voltage in the middle of the plateau is selected for subsequent opera- | 
tion. The plateau is determined periodically (every second or third week) 


to adjust the operating voltage if necessary. 


The stability of the instrument is further checked at the opera- 
ting voltage by counting standard and background, morning, noon, and at 
the close of the work day. The average of two successive background 
counting rates is deducted from observed sample counting rate to obtain net 


sample counting rate. 


Calibration of Counter Efficiency 


A source of thallium?4 having an area of 18.1 cm? 


was counted in 
an internal proportional counter having 2n geometry, a backscatter factor 
of 1.31 or an overall efficiency of 0.655 cpm per dpm. The same source 
centered 5 mm below the thin-window (7.5" diam.) counted 86 per cent of 
the internal proportional counting rate. Thus the efficiency of the thin- 


window counter under these conditions is 0.86 x 0.655 or 0.563 cpm per dpm. 





#u# Counting rate of 10,000 = 200 cpm. 
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A point source of thallium2O4 (2mm diam.) was placed on the tray 
and at various radial distances from the center of the window and out to 
beyond the periphery of the window in four directions. The plotted results 
of these four sets of data indicated excellent agreement for a given radial 
distance but a diminution of the counting rate as the source approached 


the window periphery. 


The results of these tests, summarized in Table A-l, show the effective 
counting area to be 41.90 square inches as compared to the total sample area 
of 63 square inches. Thus, the equivalent of 66.5 per cent of the sample 
area is counted. 


TABLE A-l: Relative Counting Rate and Effective Area of 
a Point Source Positioned Radially In A Thin-Window Counter 





Radial Distance Annulus Relative Effective 
from Center Area Counting Area 
Rate 
Inches Sq. In. | Sq. In. 
0 6-2 12.57 100 12.57 
2 -2.5 7.07 98 6.93 
2.5 +3.0 8.91 96 8.55 
3.0 3.25 4.91 91 4.47 
3.25 -3.50 5.30 82 4.35 
3.50 -3.625 2.80 Te 2.01 
3.625-3.75 2.8L* 57 1.62 
3.75 “4.25 7.O* 20 1.40 
41.90 


* Corrected for underlap. 
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An estimation of the filter absorption was obtained from concurrent 
collections of air particulates on glass fiber filters and membrane filters 
at equal filtering rates. The membrane filters were ignited to remove the 
possibility of filter absorption while the glass fiber filters were treated 
with conducting fluid and air dried prior to counting both types of samples 


in an internat proportional counter. 


From 88.7 to 92 or an average of 90.3 per cent of the membrane filter 
activity was recovered on glass fiber filters. Thus assuming equal effi- 
ciencies for equal rates of collection, the filter absorption factor is 


0.903. 


The self-absorption factor in internal counters has been determined 
with 5-day, l-year, and 2.5-year old bomb debris. The age of the bomb de- 


bris and possibly a variable chemical composition of local dusts changes 


the transmission of radiation through sample solids as shown in Table A-2. 











er 
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Table 4-2: Transmission Of Mixed Fission Products 
Through Sample Solids. 


Sample Solids Percentage Transmission (self-absorption) of MFP 
mg/63 sq. in. 5-day l-year 2.5-year Average 
200 96.5 99.5 100 99 
400 93 97 99 96 
600 90 9b 9b 93 
800 86.5 90.5 89.7 89 
1000 83.5 87 86.3 86 
1200 80.3 85 82.7 83 
1600 74 80 78.0 77 
1800 71.5 78.0 76.0 75.2 
2000 69.3 76.2 74.8 73-4 
24,00 65.5 73 72.3 70.3 


Recapitulating the factors for efficiency and conversion to micro- 
microcuries per cubic meter, we haves 
ppe/W? © dpm/2.22V © cpm/0.563 x 0.655 x 0.903 x 2.22 VT 
© 1.34 cpa/VT 
where V # Volume of sample in cubic meters and 
T © transmission (self-absorption) as shown 


in Table A-2 divided by 100. 
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Sample Counting 

The samples are counted for two 2-minute periods usually upon 
receipt and again after 4 to 7 days. If the rate of decay is relatively 
low, indicating fission products formed at least 10 days or more before 
the first count, the sample counting rates are plotted on semi-log paper 
and extrapolated back to the time of sample collection. On the other 
hand, if a rapid rate of decay is observed, the counting rates are plotted 
on log-log paper in such a fashion that the Hunter and Ballou decay fac- 
tor of -1.2 or somewhat less was obtained. The counting rate is then 
extrapolated to time of collection and converted to gross beta activity 


in ppe/Me according to the formula given in the preceeding section. 


Estimate Of The Reliability Of Data 

The reliability of data depends on various factors, such as the 
accuracy of the volume of air filtered, the filter characteristics, the 
age of the nuclear debris when first counted, the number of days from 
collection to date of first count and the counting error which is a func- 
tion of the observed sample counting rate and the instrument background 
ca. 500 cpm. For fresh nuclear debris of less than 5 days of age and rela- 
tively high counting rate, it is possible that the extrapolated value 
could be in variance by a factor of 2 because fractional parts of a day 
are not considered. For activity having an age of 10 or more days, the 
determination should be within 30 percent of the correct value. For low 
activity in the order of 1000 cpm/sample the raw counting error at the 95 
percent confidence level may be estimated to be at (1500 + 500)2/2 « 4.4, 
percent, whereas, the error of a sample counting 500 cpm or equal to the 


background would be 1.96 (1000 + 500)1/2 , 3g cpm or 7.6 percent. 
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ATTACHMENT IIT 


at the EJC Nuclear Eng. & Science Congress, Cleveland, Ohio, by 
Lloyd R. Setter, In Charge of Radiological Investigations, and Abra- 
ham S. Goldin, In Charge of Radiochemical Methods, both of the 
Radiological Health Program, Robert A. Taft San. Eng. Center, 


USPHS, Cincinnati, Ohio. 


EVELOPMENTS in the useful 
application of nuclear energy and 
its byproducts have focused increasing 
attention upon the public health prob- 
lems connected with the pollution of 
water by radioactive material. Liquid 
wastes from the operation of nuclear 
reactors, wastes from the uses of radio- 
isotopes, and fallout from the detona- 
tion of nuclear weapons already have 
added quantities of radioactivity meas- 
urable above the natural or background 
radioactivity in water. The USPHS 
is collaborating with the AEC and 
other agencies in delineating the prob- 
lems and assisting in their solution. 
One of the responsibilities of the Rob- 
ert A. Taft Sanitary Engineering Cen- 
ter is to investigate and develop meth- 
ods for the measurement of radio- 
activity in water, sewage, and indus- 
trial wastes. The purpose of this arti- 
cle is to describe one reliable method. 


Permissible Radioactivity Levels 


The levels at which radioactive ma- 
terials in water may present a health 
hazard are extremely low. According 
to the National Committee on Radi- 
ation Protection (7), the maximum 
permissible concentration of radium- 
226 in drinking water is 40 micro- 
microcuries per liter (ppc/l), while 
for strontium-90 it jis 800 pypc/I. 





These levels of radium and strontium 
radioactivity represent only 4 x 10° 
and 5 x 10°* mg/l, respectively. For 
either alpha or beta activity of un- 
known source, the maximum permis- 
sible concentration is only 100 puc/I, 
or 222 disintegrations per minute per 
liter. 

The maximum permissible concen- 
trations (MPC) of the most hazardous 
beta-emitting isotopes (1) are as fol- 
lows (in pc/l): strontium-90 (includ- 
ing daughter product yttrium-90), 
0.0008 ; iodine-131, 0.03 ; strontium-89, 
0.07; copper-64, 0.1; phosphorus-32, 
0.2; calcium-45, 0.5; argon-41, 0.5; 
and iridium-192, 0.9. Sometimes 
these concentrations must be modified 
to allow for possible damage to the di- 
gestive tract by radioactive materials 
which are not absorbed by the body 
(2). To detect possible increases in 
the radioactivity of waters at an early 
stage, methods of assay must be able to 
detect and to measure, with a fair de- 
gree of accuracy, levels well below the 
maximum permissible concentration. 

Because of the wide range of maxi- 
mum permissible concentrations, the 
hazard of contaminated water can be 
evaluated accurately only by determin- 
ing the concentration of specific iso- 
topes. In water contaminated with 
young mixed fission products, for ex- 
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ample, a very large portion of the total 
activity is caused by short-lived iso- 
topes of low ingestion hazard, and a 
relatively high concentration of gross 
beta activity may, therefore, be toler- 
able. Thus, the AEC has stated (3) 
that a drinking water contaminated to 
5 pc/l by 3-day-old mixed fission prod- 
ucts would be safe for continued use. 
In such a water, although the gross 
radioactivity decreases rapidly, falling 
to 0.3 pc/l in 30 days, the change in 
the hazard is insignificant, as the more 
hazardous radioisotopes have slow de- 
cay rates. 


Low-Level Counting 


Although gamma radiation is much 
more penetrating than other forms, it 
is usually detected with low and vari- 
able efficiencies; furthermore, some 
important isotopes do not emit gamma 
radiation. Alpha radiation is entirely 
absorbed by less than 0.1 mm depth of 
water and (depending upon the en- 
ergy) beta radiation is absorbed by 1 
cm or less of water. As a consequence, 


it is necessary in low-level assays to 
circumvent water absorption by evapo- 
rating the water or removing the radio- 
activity by precipitation or comparable 


means. Even after the separation of 
the radioactivity from water by evapo- 
ration or precipitation, there remain 
sample solids which absorb radiation. 
To minimize this loss (self-absorption) 
the residues are deposited in thin 
layers for counting. The volume of 
the sample taken depends upon the 
radioactivity content, the solids con- 
tent, and the area of the counting dish. 

The small amount of radioactivity 
being measured makes it necessary to 
use an instrument which is highly effi- 
cient in detecting the radiations from 
the sample. This efficiency depends 
upon four factors: 
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1. Geometry, or that fraction of the 
radiation which shines into the sensi- 
tive volume of the detector 

2. Backscatter, or that fraction of 
the radiation which is reflected into the 
sensitive volume of the detector 

3. Absorption, or that fraction of 
the radiation which is absorbed before 
reaching the sensitive volume (includes 
self-absorption, window absorption, 
and air absorption) 

4. Counter efficiency, or that frac- 
tion of radiation entering the sensitive 
volume which is counted. 

It is obvious that the overall effi- 
ciency is greatest with high geometry, 
high backscatter, high counter effi- 
ciency, and low absorption losses, 
Each of these factors must be known 
in order to convert the results into 
curie values. 


Instrumentation 


A critical study of methods for low- 
level beta assay indicated disadvan- 
tages inherent in conventional end- 
window counting (4). These disad- 
vantages were: [1] low and variable 
overall efficiency (5-10 per cent) in 
counting beta radiations (very low 
overall efficiency for beta activity of 
low energy) ; [2] variation of counter 
geometry as a result of difficulty in ob- 
taining uniform deposition of radio- 
activity; and [3] high self-absorption 
losses for a given volume of sample. 
An additional instrument is required 
for assaying alpha activity, thus in- 
volving an important cost factor in 
small laboratories. 

The method selected by the Radio- 
activity Investigations Unit of the Sani- 
tary Engineering Center (5) utilizes 
an internal proportional counter which 
accepts dishes or planchets 2 in. in 
diameter with a maximum height of 
# in. Compared to the end-window 
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counter, approximately 4 times as 
much sample volume can be used with 
the same self-absorption loss. Posi- 
tioning and uniform deposition of the 
sample are less important, as the sam- 
ple is placed within the counter cham- 
ber. The counter detects alpha radi- 
ations and all but extremely low- 
energy beta radiations. Excluding self- 
absorption, 50 per cent of the alpha, 
and about 65 per cent of the beta dis- 
integrations are recorded. The effi- 
ciencies are lowered by self-absorption 
losses. For 2-year-old mixed fission 
product in 100 mg of sample solids, 
self-absorption reduces the beta effi- 
ciency from 65 to 48 per cent. 

Alpha activity is counted, without 
beta interference, by adjusting the 
voltage to an appropriate level. Com- 
bined alpha and beta activity is counted 
at a voltage suitable for beta counting. 
Somewhat more than one count is re- 
corded for each alpha particlé, but, be- 
cause the beta activity greatly exceeds 
the alpha activity, this apparent dis- 
advantage is not usually serious. 

The beta instrument background of 
the unshielded proportional counter 
varies from 50 to 65 counts per minute 
(cpm). During a single working day, 
the background rarely varies more 
than + 5 per cent, which is within the 
expected statistical variation. Al- 
though the level of background is 
higher than that of shielded end- 
window counters, this disadvantage is 
of minor importance compared to the 
overall high detection efficiency of the 
internal proportional counter .(6, 7). 

Contamination of the counter cham- 
ber is rare, but, when it occurs (as evi- 
denced by high background counts), it 
can readily be corrected by cleaning 
the chamber with a jet of clean com- 
pressed air, wiping with lens paper, 
or cleaning with a_ metal-polishing 
compound. 


Preparation of Samples 


Most of the studies of the Sanitary 
Engineering Center have been con- 
cerned with the uptake of radioactive 
wastes by sewage treatment processes, 
the chemical treatment of radioactive 
aircraft wastes, the distribution of 
radioactive rainout in surface waters, 
and amounts of natural radioactivity 
in surface and well waters. In each of 
these studies it has appeared desirable 
to differentiate between the insoluble 
and soluble radioactivity—that is, be- 
tween that portion which is particulate 
or associated with particulate matter 
and is retained on molecular filter 
membranes and that portion which 
passes such filters. For this reason, 
the insoluble matter in an appropriate 
sample of 50—-1,000 ml or more is col- 
lected on a filter disc which is then 
transferred to an aluminum dish (bot- 
tle cap) 48 mm in diameter. After 
drying and weighing, the sample is 
counted. Using this method, the in- 
soluble activity of water samples can 
be ready for counting in less than 30 
min. As a very high percentage of 
rainout radioactivity of young (1-10 
day) fission product is removed by fil- 
tration, this single determination be- 
comes a quick estimate of the magni- 
tude of radioactive rainout. 

The filtrate or soluble activity is de- 
termined by evaporating an appropri- 
ate sample volume (usually 250 ml), 
containing preferably less than 100 mg 
of solids, in a pyrex beaker. The resi- 
due is transferred to a weighed alu- 
minum dish with the aid of a few drops 
of 1-N HCl and 10-15 ml distilled 
water, dried in an oven at 103°C, 
weighed, and counted. 


Precision of Analysis 


In assays of radioactivity in water 
and wastes, the precision of analysis 
is dependent upon the collection of rep- 
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resentative samples, the care taken in 
sample preparation, the variability of 
self-absorption losses as a result of 
variable radiation energy, and the re- 
producibility of counting random ra- 
dioactive disintegrations. The latter 
(usually referred to as the “statistical 
error of counting’) important in 
deciding how long a sample should be 
counted to secure the desired degree 


is 
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As an example of the kind of preci- 
sion attainable, replicate 250-ml sam- 
ples of a cistern water were evapo- 
rated in 250-ml pyrex beakers. After 
the dry solids were transferred to 
counting dishes, the replicate beakers 
were washed with concentrated hydro- 
chloric acid and rinsed with water to 
determine additional activity recover- 
able from the empty beakers. Similar 


TABLE 1 


Precision of Radioactivity Analyses 











| Beta Activity—pyc/! 


6 
| Ss 
Type of Sample a ample) | 


Min. 


Standard | Coef. of 
Deviation Variation 


puc/l % 


Max. Mean 





i 


Cistern water 
Suspended activity 
Dissolved activity 
Total activity 
Total activity 
Total activity 
Acid washt 


117 
713 
855 
869 


~~ 


oO 


| . 
Nuonwuwnv 
4 


— 
~ 
— 


Turbid rain 
Coated beakers{ 
Uncoated beakers 
All beakers 
Acid washt 


Nm NM NY 
— se 
wWwwhy 
mm OA 


Rain with sediment 
Radioactivity 
Acid washt 
Radioactivity 
Total solids 


| 33-38 


| 33-38 
33-38 | 





314]| 


pa ie 


134 
746 
880 
904 
898 

4 


781 
898 
936 
936 


2,047 
2,137 
2,092 

18 


| 19,600 


16,800 
30 

45.7§ 
368]| 


2,075 


48.2§ 
430)| 


1.6§ 
17|| 


ae 
4.6 





* Statistical counting error at 95 per cent confidence level. 
t+ Average activity recovered by concentrated HCl from empty beakers used for evaporations. 


} Treated with water-repellent silicone compound. 
f In wuc/mg of solids. 
{In ppm of total solids. 


of reproducibility of counting. For 
very low radioactivity levels, the 
counting error may be allowed to be- 
come a substantial fraction of the total 
error to secure speed of analysis. 
Ordinarily, at the Radioactivity Inves- 
tigations Laboratory, the longest prac- 
tical period for counting consists of 
two 16-min periods whose results 
agree within counting statistics. 


replicate tests were made on a turbid 
rain water, and on a rain water con- 
taining settleable radioactivity. The 
results are presented in Table 1. The 
table shows that, for total and dis- 
solved activity at a level of 700-1,000 
ppc/| of cistern water, the standard 
deviation was 17—30 pyc/l. The ratio 
of the standard deviation to the mean 
(coefficient of variation) was 2-4 per 
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cent, as compared to the statistical 
counting error of 3-6 per cent at the 
95 per cent confidence level. The 
analyses of the suspended radioactivity 
at a mean level of 134 puc/l showed a 
similar standard deviation but a higher 
coefficient of variation (15 per cent). 
It is interesting to note that an aver- 
age of 4 ppc/l or 0.5 per cent of the 
accountable radioactivity could be re- 
covered from the empty beakers by a 
stringent acid wash. 

The turbid rain water contained 
some organic floc which made repre- 
sentative sampling more difficult. Half 
of these samples were evaporated in 
pyrex beakers treated with a water- 
repellent silicone compound,* the re- 
mainder in untreated beakers. The 
silicone coating did not improve the 
recovery efficiency or the precision of 
the test. On the basis of the 12 turbid- 
water samples, the standard deviation 
for a mean of 2,092 pyc/l was 194, or 
a coefficient of variation of 9 per cent. 
Only 0.8 per cent of the accountable 
activity was recovered in the stringent 
acid wash. 

Representative sampling of water 
containing settleable radioactive solids 
is more difficult. This is shown by 
the variable total solids from equal vol- 
umes of sample (250 ml). Conse- 
quently, the precision of the total solids 
(in parts per million) and the radio- 
activity per unit weight of solids, and 
per unit volume of water, were deter- 
mined. The results of activity per mil- 
ligram of solids show a smaller per- 
centage of error (coefficient of vari- 
ation of 3.5 per cent) than when based 
on the volume of sample (coefficient of 
variation of 12.3 per cent). Only 0.18 
per cent of the accountable activity was 
recovered in the acid wash. 


* Desicote, a product of Beckman Instru- 
ment Co., Fullerton, Calif., was used. 
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Discussion 


The determination of gross alpha 
and beta activities at levels below the 
maximum permissible concentrations 
for the most hazardous isotopes is 
useful for pollution control purposes 
as well as for establishing background 
information. 

Further analysis is required to 
evaluate the potential health signifi- 
cance of sustained levels of radio- 
activity near the maximum permissible 
levels. A rapid decay rate may estab- 
lish the absence of significant quanti- 
ties of the more hazardous long-lived 
emitters. On the other hand, the pres- 
ence of substantial activity of long- 
lived isotopes will require more time- 
consuming analyses for such materials 
as radium-226 (8&8), total strontium 
(9) or strontium-90 (10). 

Where waters are grossly contami- 
nated, it will be necessary to deter- 
mine the individual isotopes respon- 
sible for such contamination. The de- 
velopment of procedures for the deter- 
mination of the more hazardous radio- 
isotopes is currently under study. 


Summary and Conclusions 


The determination of the extent and 
significance of radioactive water pollu- 
tion requires a prior knowledge of the 
natural radioactive background and the 
current levels of gross alpha and beta 
radioactivity as well as some knowl- 
edge of the source of contamination 
(with respect to the kinds of radio- 
isotopes). Methods have been devel- 
oped and surveys made on both natural 
background and artificial radioactivity 
(11-24). Some of the methods, 
though involved, have high specificity. 
Other methods are simple but less 
specific. 

The gross alpha and beta measure- 
ments can be assayed at high overall 
efficiencies. Such a method for low- 
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level measurements has been described. 
The method is sensitive to 10-30 per 
cent of the maximum permissible con- 
centration for unknown isotopes. With 
ancillary data on the kind of radio- 
isotopes present, this measurement 
should be quite adequate for estimating 
the current hazards. Eventually, 
when the history of contamination be- 
comes obscure or more uncertain, it 
will be necessary to develop accurate, 
discriminatory techniques for sepa- 
rately measuring the more hazardous 
radioisotopes. Studies in this direc- 
tion are desirable. Fortunately, the 
more hazardous water contaminants 
deriving from nuclear-energy opera- 
tions consist of only a few isotopes 
in mixed fission products such as 
strontium-90, strontium-89, and iodine- 
131. Further studies can be expected 
to evolve quantitative methods for as- 
saying low levels of specific isotopes in 
wastes and waters for a more reliable 
interpretation of the overall signifi- 
cance of radioactive contamination. 
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ATTACHMENT IV 


DEPARTMENT CF HEALTH, EDUCATICN, AND WELFARE FORM APPROVED: 
PUBLIC HEALTH SERVICE NO.: 68-ROSK 
Robert A. Taft Sanitary Engineering Center 
4676 Columbia Parkway 
Cincinnati 26, Ohio 


MILK SAMPLE NUMBER 
SAMPLE COLLECTION DATA 
(To Be Returned With Each Sample 


PLANT DORESS (Street or Rural Route, City, 
County, State) 


} 
} 


DATES SAMPLE PRODUCED: AMOUNT OF MILK FROM WHICH SAMPLE WAS 
TAKEN (LBS. ) 


siiinntcctcansinitinditaNeiesea Neisseria 
NUMBER OF SKIPPERS CONTRIBUTING TO SAMPLE 


NAME OF SHIPPERS STARTING SINCE LAST MAME OF SHIPPERS STOPPING SINCE LAST 
SAMPLE SAMPLE 


IGNATURE 
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ATTACHMENT V 

SEC-55 DEPARTMENT OF WEALTH, EDUCATION, AND WELFARE FORM APPROVED: 
(2-58) BUDGET BUREAU 
PUBLIC HEALTH SERVICE NO.: 68-R65S 


Robert A. Taft Sanitary Engineering Center 
4676 Columbia Parkway 
Cincinnati 26, Ohio 


DHIA HERD CODE HO. 
FARM DATA RECORD 


FRODUCER (NAME) 
PRODUCER'S ADDRESS (Street or Rural Rt., City, County, and State) 
PLANT TO WHICH MILK IS SHIPPED (NAME) 


PLANT ADDRESS (Street or Rural Rt., City, County, and State) 


MILKING HERD 











TOTAL NO. 
OF CATTLE 


AVERAGE DAILY PRODUCTION PREDOMINANT SOURCE OF HERD REPLACEMENTS 





__Raised on Premises 
___Purchased Locally 
___Other Sources (Specify in Remarks) 


PREDOMINANT BREED (Record breed including grades, representing more than 50% of 
here, otherwise record mixed) 


HOLSTEIN 







BROWN SWISS DUTCH BELTED MILKING SHORTHORN 





WATER SUPPLIES 
(Check Sources of Suoply) 
















Well Over|Well under 


50 Ft. | 50 Ft. OTHER® 





DRINKING WATER FOR 
HERD IN BARN AREAS 
DRINKING WATER FOR 
HERD IN PASTURES 
WATER FOR WASHING 
& SANITIZING DAIRY 
UTENSILS 


* INDICATE OTHER SOURCES OF WATER UNDER REMARKS 
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SOURCES OF FEED 


SOURCE 


CLASS TYPE* 
LEGUMF HAY 
Leone may 
LEGUMF HAY 
eras HAY 
GRASS HAY 
CORN SILAGE 
OTHER SILAGE 
PULP 
PULP 
SEED MEAL 
SEED MEAL 
SEED WEAL 
TANKAGE 
TANKAGE 
GRAIN 
GRAIN 


GRAIN 


* Indicate types such as oats 
** If known, or aenufacturer 
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USUAL FEEDING PRACTICES 
(Check Sources of Feed for Each Month) 


pasTupE| LESUME | GRASS | CORN | GRASS | OTHER® CONCENTRATES 
HAY HAY | SILAGE | SILAGE | SILAGE] pyp 


** PRODUCTS OF FISH OR ANIMAL ORIGIN. 


REMARKS (If additional space required, use reverse side. ) 


OD ss ———— > orvre——o—ms>|] 


SIGNATURE 
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Representative Houirretp. Dr. Langham, you were listed first as a 
witness at 11, and we did not relegate you to second place for any 
particular reason except that Dr. Straub seemed to have a prepared 


statement. I have a statement that has just been handed me with your 
name on it. 


STATEMENT OF DR. WRIGHT LANGHAM,' LOS ALAMOS SCIENTIFIC 
LABORATORY 


Dr. Lancuam. That is the summary statement. 
Representative Horirretp. You may proceed. 

Dr. Lancuam. Thank you, sir. 

Mr. Chairman, it was my assumption that my job for this sub- 
committee was to summarize the potential biospheric contamination 
from weapons tests to date. In doing this job, I would like to em- 
phasize that I am talking primarily about other people’s data, which 
if I remember the last subcommittee hearings, makes the difference 
between a reporter and an expert. 

What do we mean by biospheric contamination? The biosphere 
refers to all living matter, and the potential biosphere would refer 
to contamination in the stratosphere as well as in the soil, because 
this is potential contamination that can enter man’s food chain and 
man himself. At the present time the extent of the levels in man’s 
biosphere are approximately as follows: 

The average strontium 90 milk level for 1958, which is the prin- 
cipal source of calcium in the diet of western man, was 8 micro- 
microcuries per gram of calcium. The cesium 137 in milk was about 
50 micromicrocuries of cesium per gram of potassium. 

Let me explain why this ratio is used. Cesium follows potassium 
in the cethen tres and man very much as strontium follows calcium. 
So we can talk of both of these two potentially harmful substances 












1 Received a bachelor of science degree in science from the Oklahoma A. & M. College 
at Goodwell, Okla., in 1934, and a master’s degree from the Oklahoma A. & M. College 
at Stillwater, Okla.| in 1935. From 1935-37 he held a position of research chemist with 
the agricultural experimental station at the Oklahoma A. & M. College at Goodwell. From 
1937-38 he did graduate work at Iowa State College, Ames, Iowa, working in the field 
of organic chemistry. From 1939-41 he returned to the agricultural experimental station 
at Goodwell, Okla., as acting experiment station director. In 1941 he entered the 
University of Colorado, from which he was awarded a doctor of philosophy degree in 
biochemistry with a minor in biology in 1943. In the same year he joined the staff of the 
Manhattan District’s metallurgical laboratory at the University of Chicago, where he 
worked on the chemistry of plutonium. In 1944 he was transferred to the Los Alamos 
Scientific Laboratory, Los Alamos, N. Mex., to study the toxicology of plutonium and to 
develop methods of diagnosing exposure of personnel to this material. In 1946 be became 
the group leader of the biological and medical research group of the laboratory. Since 
then he has investigated a number of malet poo concerning the biological and medi- 
cal aspects of atomic energy development. ese include rates of retention and excretion 
of internally deposited radioactive isotopes, toxicology, and physiology of tritium in man, 
relative biological effects of ionizing radiations of different types and energies, including 
bomb gamma rays and neutrons, incapacitating effects of massive doses of radiation, 
hazards from accidental noncritical detonation of atomic weapons, and the biological and 
medical implications of worldwide radioactive fallout. He is at present group leader of 
the biomedical research group and assistant division leader (for research) of the Los 
Alamos Scientific Laboratory’s Health Division, and is an associate professor of biochem- 
istry with the University of California at Los Angeles. He is a member of the following 
committees and organizations : Subcommittee on Internal Tolerances of the International 
Commission for Radiological Protection ; Subcommittee on Internal Radiation Tolerances 
of the National Committee for Radiation Protection; Subcommittee on Incineration of 
Radioactive Wastes of the National Commission for Radiation Protection ; Subcommittee 
(Chairman) on the Relative Biological Effects of Ionizing Radiation of the National Com- 
mission for Radiation Protection ; Subcommittee on Toxicity of Internal Emitters of the 
National Academy of Sciences and National Research Council; the American Association 
for the Advancement of Science; Radiation Research Society; Health Physics Society ; 
Sigma Xi Honorary Scientific Research Society. (Submitted by witness.) 
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in terms of their ratios with elements which are a physiological re- 
quirement for normal growth and health. 

Foods have been analyzed by the Public Health Service. They 
have been analyzed by the Health Research Laboratory of New York, 
and by others. It would look as if at the present time cereals are 
averaging about 15 to 30 micromicrocuries per gram of calcium, meat 
about the same—I mean meat and vegetables about the same—and 
milk, of course, as I said previously, about 8. This, then, would give 
an average dietary strontium 90 concentration, as of 1958, of about 8 
micromicrocuries per gram of dietary calcium. 

We know by discrimination considerations that the concentration 
of strontium 90 at equilibrium with the diet, the concentration that 
is in man’s bones, should run approximately one-fourth of the con- 
centration in his diet, which would mean, as of late 1958 or the middle 
thereof, the concentrations in man’s bone that would be in equilibrium 
with his diet should be of the order of 8 divided by 4, which is 2— 
2 micromicrocuries per gram of calcium. 

Representative Hoxrirretp. Will you relate that to the maximum 
permissible concentration ¢ 

Dr. Lancuam. Yes, sir. The maximum permissible concentration, 
of course, is 66 micromicrocuries per gram of calcium, if you assume 
the latest values of the International Commission. or it is 200 if you 
assume the value given by the National Commission on Radiation 
Protection. 

Representative Hoxirie.p. In relation to the 2 micromicrocuries, is 
that an average between adults and children ? 

Dr. Laneuam. This is the equilibrium level, which means it is that 
level that a child’s bones would have if its bones were formed in 
equilibrium with the diet. If you want to know what the level is at 
the present time, it is much less. The average in children is about 
1 to 2 micromicrocuries. The average in adults is about 0.2 micro- 
microcuries, giving a world average for all ages of about a half a 
micromicrocurie per gram of calcium as of mid-1958. 

Representative Hoiirretp. The reason between the equilibrium dose 
and the actual readings of the material in the bones is due to the 
factor of discrimination ? 

Dr. Lancuam. It is due to the fact that there is a delay in reach- 
ing equilibrium. So if we wish, sir, to predict the maximum hazard, 
then we try to predict what the level will be at equilibrium because 
it is at that time that our hazard is a maximum. In other words, at 
the present time the concentration in the bones of people, if it is 
hazardous, is not as great as it will be a few years from now when 
people come into equilibrium more nearly with the present rate of 
testing or with the amount of strontium 90 that has been formed 
from weapons tests to date. 

Representative Hoxirtetp. As a person becomes older and after he 
passes the skeletal forming period, which is, I believe, ordinarily 
about 30 years—— 

Dr. Lancuam. Twenty, sir. 

Representative Hortrretp. Then the factor of importance is really 
the absorption by the children, rather than the adults. 
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Dr. Lanecuam. Yes. In other words, the adult bone is perhaps 
only changing about 3.5 percent per year. So if one is an adult and 
has formed his skelton prior to nuclear weapons testing, it will take a 
long, long time before he comes to equilibrium at the adult rate of 
skeletal change. Children of about 2 years of age are probably closer 
to being in equilibrium with their diet than anyone at any time. They 
may be as much as 80 percent of equilibrium with the diet they are 
eating. 

Representative Hovirietp. If we accept the figures, then, that you 
give for children as being 2 micromicrocuries for equilibrium on the 
material to date—— 


Dr. Lancuam. No, that would be the equilibrium level as of 
mid-1958. 


Representative Horirtetp. That would be before the Russian test 
in October. 

Dr. Lancuam. That is right. So what I would like to do is to 
project these into the maximum level we will have when children, or 
for that matter anyone, is in equilibrium with the material that is still 
in the stratosphere, and still to fall out. In other words, the maximum 
concentration in people’s bones from weapons tests to date will be 
reached in about 1964 to 1967, depending on the stratospheric mean 
time of fallout. 

Representative Hoxrrretp. Provided there are no additional tests. 

Dr. Lancuam. Provided there are no additional tests. To obtain a 
world average we have to population weight and diet weight the 1958 
equilibrium level because the derivation of our original two micro- 
microcuries was on the basis of the Western diet. We do know that 
the Far Eastern countries will have a diet that is somewhat different. 
So when we completely weight everything populationwise and diet- 
wise, We can come up with a prediction that the average maximum 
permissible level in the United States as a result of weapons tests to 
date—and that assumes no more testing—will be 6 micromicrocuries 
of strontium 90 per gram of calcium. 

For the Western civilizations in general, because the United States 
is slightly higher, we would expect 5 micromicrocuries per gram of 
calcium. The average for the north temperate population belt, which 
lies between 20 north and 60 north latitude, and which includes a 
great segment of the oriental population, may average as high as 8 
micromicrocuries per gram of calcium. The Far East alone—that 
portion of the Far East which happens to lie between 20 north and 60 
north latitude—the point of maximum fallout—will have perhaps 
as high as 10 micromicrocuries per gram of calcium. If we popula- 
tion weight these values to come out with a world population weighted 
average in which we have taken into consideration diet as well as 
population distribution, then we come out with a value which averages 
seven. This is to say that the population weighted world average 
concentration of strontium 90 in the bone calcium of the world popula- 
tion as a result of weapons tests to date may reach 7 micromicrocuries 
per gram of calcium. 

Representative Ho.irietp. To interpret this, it would be approxi- 
mately one-tenth of the maximum permissible level which is set by the 
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International Committee on Radiation Protection and Measurements, 
and about one-thirtieth of the maximum permissible concentration set 
by the National Commission on Radiation. 

Dr. LancHam. Yes. It would be roughly that. In other words, it 
would be 7 as compared to 66 or 7 compared to 200. 

Let us try to interpret this, at least vaguely, into background dose. 
In other words, this would mean that the background dose, rather than 
the bone marrow dose as a result of the strontium 90 accumulation, 
would be from 5 to 10 percent of the natural background dose. It 
would mean that the dose received to the bone as a result of strontium 
90 would be roughly 10 percent of the dose that the bone is going to 
receive over 70 years from natural background. So we are talking 
about, Mr. Holifield, levels as a result of weapons tests to date, which 
dosewise and concentrationwise are reaching approximately the 10- 
percent mark. 

Let us dispose of cesium 137 rather readily. We know the concen- 
trations of cesium 137 in milk and in people, large segments of them. 
Milk from 55 to 60 stations are sampled weekly. We can come up with 
the amounts in people and their milk diet. In this case we find that 
the average level of cesium 137 in people, as of 1958, was 67 micro- 
microcuries per gram of potassium. This calculated in terms of in- 
ternal dose is of the order of 1 to2 percent of our maximum permissible 
levels, or 1 to 2 percent of natural background. We are still, by 
throwing in internally deposited cesium, talking in the vicinity of bone 
marrow and bone doses of the order of 10 percent of the maximum 
permissible levels and of background events. 

I have projected present testing to its maximum. The next question, 
of course, is projection of this into the future with a continuation of 
tests. I think it is very significant that three major nations, since this 
committee held its hearings 2 years ago have essentially increased the 
production of these fissionable materials by 80 percent, have doubled 
the stratospheric reservoir and doubled the deposition on the soil. 
In essentially 2 years they have doubled the extent of biospheric 
contamination. 

With this pattern of testing, it is rather ridiculous to try to project 
into the future on the basis of a constant test rate. I was one who in the 
last hearings proposed the assumption of a constant test rate of 10 
megatons per year until we reached equilibrium. All one can really 
do is make some assumption as to what future test patterns will be and 
realize that the validity of that projection is only as good as the 
assumptions upon which it is based. 

Let us take an example and say that in the next 5 years we repeat 
the past 5 years. Then what we will essentially do is double the values 
I have given you minus the amount of decay which will be roughly 
2.5 percent. So if we wish to get the population weighted average, 
if we repeat the last 5 years’ performance in the next 5 years, is to 
multiply 7 by 1.8, which would mean under that circumstance we 
would have roughly 12.5 micromicrocuries of strontium 90 per gram 
of calcium. As we go on and repeat the past 5-year pattern in suc- 
cession we must decay each 5-year pattern amount by 2.5 percent, 
depending on the elapsed time. This is a series that. I can’t solve in 


hs 
in 
Ww 
th 


al 
In 
ex 





- 


n, 


Lis 
he 
ed 
il. 


ric 


act 
he 

10 
lly 
nd 
che 


pat 
ules 
nly 
ge, 


, to 


am 
uc- 
ont, 
> in 


FALLOUT FROM NUCLEAR WEAPONS TESTS 1065 


my head. But what will happen, of course, is this: If we continue 
this repetition of 5-year test patterns until we have repeated it eight 
times, we will now be in equilibrium with that situation much as we 
used to project our 10-year constant test rate. This being the case, 
then, we can say that if we repeat the past performance for the next 
40 years, we will multiply everything by 8 and 10 percent multiplied 
by gives 80 percent of the maximum permissible level we have talked 
about as recommended by the International Commission. 

We have been talking to date of projected averages, and have said 
nothing about the spread of these data in the populations themselves. 
If the population spread were even perfectly normal in distribution 
about the mean, we would expect many of our population to be over 
the maximum permissible levels if tests continue at the past rate for 
40 years. If we allow for the fact that the distribution curve is not 
normal, but is skewed, then we may have even more of the people over 
the maximum permissible levels that are recommended. This is the 
same as saying, sir, that if we wish to hold to the maximum permissible 
levels that have been prescribed by those people who feel the responsi- 
bility of protecting the world’s population from radiation, then the 
present test rate cannot be continued indefinitely. 

Representative Hotirietp. Thank you very much, Dr. Langham, for 
your very clear statement on this matter. We will probably call upon 
you to do some mathematical calculations for our hearings in June 
which go fyom the testing data to the theoretical pattern of a full-scale 
nuclear war, using megaton weapons that may run into scales of a 
thousand, two thousand, three thousand megaton weapons in an ex- 
change between the nuclear weapon nations. I am sure that will show 
a completely different picture. 

Would you care to comment on the effects of the short lived isotopes 
about which we have had some discussion as a result of the increased 
rate of descent? Does that constitute an appreciable hazard ? 

Dr. LancHam. If we assume that weapons tests have stopped, then 
it will add only about 10 percent to the gamma ray hazard from 
externally deposited cesium. I would say under these circumstances— 
certainly under the circumstances of no more tests—it is not terribly 
important. 

Mr. Ramey. How about if tests were continued ? 

Dr. Lancuam. If tests were continued, I would say it is possible 
that it still will not add very much. Only of the order of another 
50 —— 

epresentative Horirrecp. If the maximum permissible concentra- 
tion of strontium in the levels of 66 micromicrocuries or 200 micro- 
microcuries were to be deposited in bone, would there be any type 
of observable deleterious effect on the bone cells? 

Dr. Lancuam. If I understand your question you are interested in 
having the levels I have given, either present or predicted, interpreted 
in some terms of biological effect—in other words, how much effect 
would we expect to see. Dr. Shelton made the remark yesterday that 
the physical data were much more certain than the biological data. I 
am sure this is what he had in mind, even though he hurt my feel- 
ings. He was correct. The recent findings of the Russells that the 
extrapolation to zero dose, which was the basis of allowing the gene- 
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ticist and the somaticist, the person who is arguing that bone cancer 
and leukemia can be caused by radiation of any dosage level, is dose 
rate dependent casts some doubt on the extrapolation as we have used 
it in the past. 

So there has been a recent change in this field which in my opinion 
suggests that what present and future strontium 90 levels mean in 
terms of biological effect must await the collection of considerably 
more data. I don’t think we can make such an evaluation at the 
moment. 

Representative Horirretp. Thank you very much for your testi- 
mony. 

Dr. Lancuam. Thank you, Mr. Holifield. 

Representative Hottrre.p. The meeting will adjourn until 2 o’clock 
this afternoon. 

(The formal statement of Dr. Langham and his associate, Dr. An- 
derson, together with several papers and statements on this subject, 
follows :) 
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BIOSPHERIC CONTAMINATION FROM NUCLEAR WEAPONS TESTS 
THROUGH 1958 


Wright Langham and E. C. Anderson 


SUMMARY 


PRODUCTION AND DISTRIBUTION 

Weapons tests to Jamary 1, 1959 by all nations have 
produced about 10 megacuries of Strontium 90 and 18 megacuries 
of Cesium 137. Total deposition as long range fallout through 
January 1959 has amounted to about 4 megacuries of Strontium 90 
and 7 megacuries of Cesium 137. Although estimates of the 
stratospheric reservoir are highly uncertain, the partition 
model of Libby indicates a stratospheric content of about 4.5 
megacuries of Strontium 90 and about 8 megacuries of Cesium 137. 
Assumption of a shorter fallout half-time will reduce considerably 
the stratospheric inventory, hence the magnitude of the future 
increase of surface deposition in the event of no more testing. 
The production of Strontium 90 and Cesium 137 has increased 
by 80% since the fallout hearings in May of 1957. The 
stratospheric reservoir and total surface deposition have 
increased 100% in the same period, largely due to the USSR 
program. Average surface deposition levels of Strontium 90 and 
Cesium 137 as of January 1, 1959,were 57 and 103 mc/mi@ 
respectively for the U.S. For the 20-60° N latitude belt the 
corresponding values are 42 and 72 me/mi®. Deposition levels 
in the N temperate population belt are at least a factor of 2 


higher than the world average. 
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Assuming no more weapons tests, the Strontium 90 and 
Cesium 137 deposition levels as a result of material supposedly 
still in the stratosphere will reach a maximum in about 1967. 

At this time the estimated levels for the U.S. will be 92 and 
166 mc/mi*, and for the N temperate population belt 68 and 122 
me/mi®. 

Since tests by tre three present nuclear powers essentially 
doubled the biospheric contamination in a single year, 
prediction of levels with continued testing is fruitless. The 
extent of future biospheric contamination will depend largely 
on the number of nations that choose to become independent 
nuclear powers, the time sequence of their development and 
probably on the locations of their respective test sites. 

Since the last hearings Strontium 90 and Cesium 137 content 
of milk and other foods has increased, but not as rapidly as 
total fallout indicating a certain degree of direct uptake 
dependent on the rate of fallout rather than on cumulated levels. 

The average levels in milk during 1958 were 7.5 yyc sr90 
per gm of Ca and 50 yyc Csl37/eK. Some samples were found 
ranging up to 5 times the average. The weighted average sr90 
for the U.S. during 1958 is estimated to be about 10 yyc/e Ca. 
The Oriental diet may be as much as twice this value. 

Sr9° levels in human bones have been measured by Kulp 
and co-workers at the Lamont Geological Observatory. From these 


analyses it is possible to estimate the average sr90 in the 
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bones of the world population at the present as well as to 
predict what present and future average equilibrium levels 
will be. Equilibrium levels are important because they are an 
indication of whet the maximum Sr9° hazard will be when the 
bones of the world population are in equilibrium with 
biospheric contamination. The present population weighted sr90 
content of people of the whole worid is about 0.5 uuc/g of calciun. 
Adults average only about 0.19 yuc/g Ca. The present age 
differential is expected to disappear as equilibrium is 
approached. The average maximum equilibrium bone levels for 
the world population will be about 5 and 9 yye sr99/g calcium 
as of January 1959 and 1967 (maximum for weapons tests to datc) 
respectively. The respective values for the U.S. are 4.8 and 
7.7 yyc/g. The far eastem-sountries, because of the nature of 
their diet, may be the highest. Allowing a spread of 5 to 10 
for individual variability it is possible that (in 1967 ) ; come 
individuals may run as high as 50 yuyc/g Ca and a few, especially 
in the Oriental cultures, may approach the level of 100 yyuc/g 
calcium, the recommended maximum for the general population. 
These estimates are conservative in that they assume an upper 
limit of the probable stratospheric inventory. 

Present levels of Cs-137 in people has been measured and 


found to average 67 uuc/g of potassium. People in the U.S. and 
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Europe average about the same. Levels may not go much higher 
if weapons tests stop because Cs-137 seems to be contaminating 
the biosphere largely by direct fallout on vegetation and not 
through soil integration. 
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INTRODUCTION 


Congressional Subcommittee Hearings on the Nature of Radio- 
active Fallout and Its Effects on Man (1), held May 27-29 and 
June 3-7, 1957, by the Joint Committee on Atomic Energy, pointed 
out the extent of biospheric contamination from nuclear weapons 
tests and its possible implications to the health and well-being 
of the world population. Since that time, the United Nations’ 
Scientific Committee on the Effects of Atomic Radiation (2) and 
the Atomic Energy Commission's Advisory Committee on Biology and 
Medicine (3) have issued official, comprehensive statements on 
the possible hazards to man of nuclear radiation and radioactive 
fallout. Prior to the Hearings and again afterward, in the form 
of commentaries on the United Nations’ report, the Medical Research 
Council of the United Kingdom (4, 5) and the National Academy of 
Sciences-National Research Council of the‘ United States (6, 7) 
have come forth with statements on the subject, making seven 
official statements in all. All statements, including that of the 
Congressional investigating subcommittee, are in general agreement 
on the following points: 

(a) Radiation exposure of the world population from fallout 
(including strontium-90) as a result of tests through mid-1957 
was and will be small compared to natural background exposure and 


exposure from other man-made radiations such as diagnostic X ray. 
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In fact, fallout exposure from tests up to that time may indeed 
be small compared to normal variations in natural background. 

(b) Any amount of radiation, however small, may carry a 
small but finite risk of producing an increase in the genetic 
mutation rate of the population. 

(c) In the light of present information, it is not possible 
to say with any degree of certainty whether there is or is not a 
threshold radiation dose for production of somatic effects, in- 
cluding leukemia, bone cancer, and general life shortening. 

(d) Calculations of biospheric contamination levels in the 
event of continued testing are intelligent guesses at best and 
must be made on the basis of certain assumptions as to continued 
testing rate. The soundness of the conclusions reached nec- 
essarily depends on the validity of the initial assumptions. 

(e) Continued testing of nuclear weapons will increase bi- 
ospheric contamination and consequently the probability of risk 
to the world population. Accelerated testing as more nations 
become nuclear powers and especially the touching off of nuclear 
war could result in a serious radiation hazard to world health. 

Despite the above general agreement on the potential hazards 
of fallout and recommendations that tests be limited to 5 (8) to 
10 MT (9) of fission energy release per year, tests by the three 
nuclear powers since that time may have amounted to approximately 


40 MT of fission yield. 
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This paper attempts to summarize some aspects of the bi- 
ospheric contamination problem at the present time (January 
1959) and to show some of the changes that have come about as 
a result of nuclear weapons tests since mid-1957. Considera- 
tion is further restricted to biospheric contamination from 
strontium-90 and cesium-137. These radionuclides are considered 
the most important in long-range fallout because of their long 
physical half-lives and their chemical similarities to natural 
body constituents, respectively calcium and potassium, which 


result in relatively high uptake in man and animals. 


PRODUCTION AND DISTRIBUTION OF STRONTIUM-90 AND CESIUM-137 
FROM NUCLEAR WEAPONS TESTS (JANUARY 1959) 


Production 


A general estimation of the fission yield of nuclear weapons 
detonated by all nations to date was made available by the Depart- 
ment of Defense and the Atomic Energy Commission at the present 
Hearings. These data are given in Table 1 and show a total of 
over 90 MT of fission energy release by all nations. A major por- 
tion of the USSR contribution was made in October 1958. Forty MT, 
or about 45 per cent of the world total, was detonated during 
1957-1958 for an average yearly rate of 20 MT. This is twice the 
maximum average yearly test rate recommended if testing is to con- 


tinue indefinitely (9). 
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Table 1. Fission Yield of Nuclear Weapons Detonated by All Nations 
through 1958 





Fission Yield (Kilotons) 








Year US + UK USSR Total 
Prior to 1952 700 60 760 
1952-1954 37 ,000 500 37,500 
1955-1956 9,200 4,000 13, 200 
1957-1958 19,000 21,000 40 ,000 
Total 65,900 25,560 91,460 





One MT of fission energy release produces approximately 0.1 MC 
of strontium-90 and 0.18 MC of cesium-137. The rate of production 
of these two important potential biospheric contaminants is given 
in Table 2. 


Table 2. Rate of Production of Strontium-90 and Cesium-137 from 
Nuclear Detonations by All Nations through 1958 


Total Production (Megacuries) 


Year Strontium-90 Cesium-137 
Prior to 1952 0.08 0.14 
1952-1954 3.75 6.75 
1955-1956 1.32 2.38 
1957-1958 4.00 7.20 
Total 9.15 16.47 
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Nuclear weapons tests to date have produced between 9 and 
10 MC of strontium-90 and between 16 and 17 MC of cesium-137, 
over 90 per cent of which was produced by weapons in the megaton 
class. This is important to the problem of world-wide fallout 
because detonations of less than one MT do not penetrate the 
tropopause and the fission debris not deposited in the immediate 
vicinity of the test site is contributed directly to the trop- 
osphere, to be distributed around the world in the general 
latitude of the detonation. Megaton detonations, however, have 
enough energy to penetrate the tropopause and contribute a large 
fraction of their radioactivity to stratospheric contamina- 
tion (10). Fission debris injected into the stratosphere is 
rather widely distributed over the surface of the earth, with 
preferential deposition in the hemisphere in which the detona- 


tion occurred, 
Distribution of Strontium-90 and Cesium-137 


Distribution of fission debris from nuclear weapons tests 
is not only dependent on total yield of the detonation but also 
on the conditions and location of testing. In the absence of 
adequate direct measurements, Libby (11) postulated that megaton 
surface detonations over land deposited 80 per cent of their 
fission debris locally, while surface bursts over water deposited 


only 20 per cent locally. Of the activity not deposited locally, 








1076 FALLOUT FROM NUCLEAR WEAPONS TESTS 


99 per cent was assumed to be injected into the stratosphere and 
l per cent into the troposphere. Ninety-nine per cent of the 
fission products from high air bursts of weapons in the megaton 
class was assumed to be injected into the stratosphere and 1 per 
cent into the troposphere. Air and tower bursts of kiloton 
weapons were assumed to contribute essentially all their radio- 
activity to the troposphere. Re-evaluation of local fallout data 
collected during Operation Castle and consideration of new data 
collected by the Department of Defense and the Naval Radiological 
Defense Laboratory during Redwing and Hardtack operations suggest 
strongly that the Libby model overestimated the size of the strat- 
ospheric reservoir and the potential biospheric contamination 
from weapons tests to date. In view of the later considerations, 


the best estimate of fission product partitioning from megaton 


detonations is as follows: 


Air burst - 99 per cent injected into the stratosphere 
1 per cent into the troposphere 


Coral surface detonation - 80 per cent deposited locally 
20 per cent injected into the stratosphere 


Water surface shot - 70 per cent deposited locally 
30 per cent injected into the stratosphere 
General information on conditions of firing of weapons de- 


tonated to date was released recently by the Department of Defense 


(Table 3). 
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Table 3. Conditions of Firing of Nuclear Weapons Detonated to Date 





Fission Yield (Kilotons) 


Inclusive Years Air Burst Ground Surface Water Surface 
1945-1951 190 550 20 
1952-1954 1,000 15,000 22,000 
1955-1956 5,600 1,500 6 ,000 
1957-1958 31,000 4,400 4,600 

Total 37,790 21,450 32,620 


When the more recent partitioning factors are applied to the 
data, they indicate that stratospheric injection by all nations 
has been about 50 MT equivalents. This value is considerably 
less than that estimated by Libby (12) on the basis of earlier 
partition factors. Insufficient information on conditions of firing 
of weapons of less than one megaton has been released to permit 
an estimation of their contribution to long-range tropospheric 
fallout. As presented in Table 3, the tropospheric component is 
probably included in the values for local fallout. During a seminar 
held prior to the recent Hearings, it was generally agreed that un- 
certainties in yield estimations, conditions of firing, etc., would 


make an evaluation on the basis of partition factors highly unreliable. 
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It was agreed, however, that stratospheric plus tropospheric in- 
jection from all weapons tests to date had been about 60 MT 
equivalents and local fallout in the vicinity of test sites (which 
does not contribute to general biospheric contamination) had been 
about 30 MT equivalents. It may be inferred also from the data 
in Tables 2 and 3 that UK and USSR tests during 1957-1958 were 
predominantly air bursts, which contribute heavily to long-range 
fallout. Libby has estimated that stratospheric injection by the 
USSR October series alone was 12.5 to 15 MT equivalents. 

If it is assumed that USSR tests have been essentially all 
air bursts, it is possible to estimate the total fission yield 
of air bursts by the US plus UK as about 12 MT equivalents. On 
this basis, application of the more recent partition factors to 
the data in Tables 2 and 3 suggests that the USSR and US plus UK 
contribution to stratospheric contamination may be approximately 
equal. Fission debris injected at far northern latitudes appears 
to have a shorter mean residence time and falls out predominantly 
in the northern hemisphere, while some of the material injected 
near the equator is deposited in the southern hemisphere. This 
suggests that the US and UK contribution to long-range fallout in 
the north temperate latitudes no longer predominates over that of 
the USSR. Because of location and conditions of firing, Russian 
tests through 1958 may have now contributed as much or more than 


the US and UK tests to the potential exposure of the 80 per cent 
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of the world's population who live between 20°N and 60°N latitude. 
Estimates of the total amount of strontium-90 deposited as 
long-range fallout and the amount remaining in the stratospheric 
reservoir at any given time are dependent on the mean residence 
time of the material in the stratosphere. The mean residence 
time of stratospheric debris has been estimated as 5 to 10 
years (13). More recent estimates (12, 14, 15, 16) suggest a 
somewhat shorter fallout time (3 to 6 years). Martell (17) has 
suggested a mean-time of one year or less for material injected 
at far northerly latitudes by the USSR. Taking into considera- 
tion the various estimates of stratospheric mean-times and the 
rate of injection, the seminar held prior to the Hearings esti- 
mated the stratospheric reservoir immediately after the October 
USSR test series at about 30 MT equivalents and the amount de- 
posited on the earth's surface as long-range fallout at approxi- 
mately 30 MT equivalents also. The estimate of the stratospheric 
content is consistent with preliminary direct measurements re- 
ported recently by the Department of Defense and the Atomic 
Energy Commission. The surface deposition level is consistent 
also with the 1958 direct soil measurements reported by Alexander 
and extrapolated to October 1, 1958. He estimated a total surface 


deposition of 3.2 MC of strontium-90, including the higher than 
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average deposition levels occurring in the United States as a 
result of tropospheric fallout from Nevada tests. 

Assuming no fractionation and the production of 0.1 and 
0.18 MC of strontium-90 and cesium-137, respectively, per megaton 
of fission energy release, the potential level of strontium-90 
and cesium-137 biospheric contamination from weapons tests to 


date may be estimated (Table 4). 


Table 4. Production and Distribution of Strontium-90 and Cesium- 
137 from Weapons Tests through 1958 





Megacuries 
Distribution Strontium-90 Cesium-137 
Total Production 9 16 
Local Deposition® 3 5.4 
Tropospheric Deposition 1 ie 
Stratospheric Deposition 2 3.6 
Tropospheric plus Stratospheric 3 5.4 
Stratospheric Reservoir 3 5.4 
Total Potential Contamination 6 1l 





* Assumed not to contribute to general biospheric contamination. 
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Compared to June 1957 estimates (18), these data suggest 
that weapons tests during the last 18 months may have increased 
potential biospheric contamination with strontium-90 and cesium- 
137 by 80 to 100 per cent. 

The latitudinal distribution of long-range fallout is de- 
monstrated by the 1958 strontium-90 soil data reported by 
Alexander (19) and shown in Fig. 1. These data give the inte- 
grated strontium-90 soil levels in 10-degree latitudinal bands 
resulting from long-range fallout as measured during the first 
half of 1958. Adjustment of the soil data to October 1, 1958, 
and integration with respect to world surface area showed a 
total world deposition of about 3.05 MC of strontium-90, exclud- 
ing the higher surface deposition levels in the US and USSR 
brought about by the influence of location of their respective 
continental test sites on tropospheric fallout. Including the 
extra fallout in the US and USSR, he estimated a total surface 
depcsition as of October 1, 1958, of 3.2 MC, giving a world 
average of approximately 16 mc/mi?. Approximately 80 per cent 
of the world population, however, lives between 20°N and 60°N 
latitude where (according to the 1958 soil data) the integrated 
deposition level is about 2.2 times the world average. This would 
suggest an average soil deposition level for this area (excluding 
the extra deposition in the US and USSR) as of October 1958 of 


about 35 mc/mi?. The United States average may be higher by about 
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15 me /mi* (19), giving an integrated level of 50 mc/mi2, which 
is consistent with the New York Health and Safety Laboratory's 
pot collection data on strontium-90 fallout in New York 

City (20). A few isolated local areas may be found in the US 
that are about 5 times the global average (e.g., Rapid City, 
South Dakota, 74 mc/mi*) . 

Few data are available on cesium-137 integrated soil deposi- 
tion levels. If it is assumed, however, that no fractionation 
occurs and that the cesium-137 to strontium-90 deposition ratio 
is the same as their ratio of production, the cesium-137 deposi- 
tion levels may be obtained by multiplying the respective 
strontium-90 levels by 1.8. The assumption of no fractionation 
of cesium-137 and strontium-90 between time of production and 
deposition is not supported strictly by experimental observation. 
Stewart et al (21) reported an average cesium-137 to strontium-90 
ratio of 1.6 in rainwater samples collected in various parts of 
the world during 1955-1957. Although the ratios varied from 
place to place, the observed average compares reasonably well 
with their ratio of production. Since November 1956, the Atomic 
Energy Commission's Project Ash Can has been collecting fission 
product samples by means of air filters carried to high altitudes 
by balloons. The cesium-137 to strontium-90 ratios varied greatly 
(less than 1, to greater than 10). As pointed out by Libby (12), 
however, these data are subject to great analytical difficulty 


and the mean value tends to reduce toward the expected ratio of 
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fission yield. On this basis and in the absence of more specific 
soil data, the assumption of no fractionation may be acceptable. 
The estimates of surface deposition levels of strontium-90 and 


cesium-137 as of October 1958 are summarized in Table 5. 


Table 5. Integrated Strontium-90 and Cesium-137 Surface Deposi- 
tion Levels (October 1958) 








mc/mi- 
Region Strontium-90 Cesium-137 
Average USA 50 90 ; 
Average 20°N - 6O°N Latitude® 35 63 t 
Average 20°S - 60°S Latitude 10 18 
Average Rest of World 7 13 
World Average 16 29 
Stratospheric Reservoir 15 27 





an region in which 82 per cent of the world population lives. 


Future Surface Deposition Levels (Assuming No More Tests) 


If no more weapons tests are held, surface deposition levels 
will continue to increase as a result of fallout from the strat- 


ospheric reservoir. The maximum surface deposition level will 





occur when the rate of stratospheric fallout just equals the 
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rate of radioactive decay of the material already on the surface. 
In order to estimate maximum surface deposition levels from 
weapons already tested, it is necessary to know the strat- 
ospheric content of fission debris, its distribution, and 

rate of return to the troposphere. At least three models of 
stratospheric transport, mixing, and removal of fission products 
have been proposed to explain the observed patterns of biospheric 
contamination. 

The first, proposed by Dr. Libby, assumes that nuclear debris 
injected above the tropopause is mixed rapidly throughout the 
stratosphere and falls back uniformly into the troposphere with 
a mean-time of 5 to 10 years. As it falls back into the trop- 
osphere, it is deposited over the earth's surface in relation to 
the earth's precipitation pattern. He attributes the high de- 
position levels in the north temperate latitudes to the rainfall 
pattern and to the influence of location of the US and USSR con- 
tinental test sites on tropospheric fallout. 

The second model (advanced by Machta and List in this 
country, and by Stewart and others in England) assumes that the 
ascending air currents in the tropical regions are the principal 
source of stratospheric air which circulates slowly poleward 
(especially in the winter hemisphere), returning to the troposphere 
by downward drift in the temperate and polar latitudes. This 


circulation cycle, the discontinuity of the tropopause in the 


42165 O—59—-vol. 2 10 
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vicinity of the jet streams, and the world precipitation pattern 
are used to account for the nonuniformity of total fallout, the 
apparent increase in rate of fallout during the spring season, 
and the peak deposition levels in the region of 40°N to 50°N 
latitude. 

Based on observations of fallout from the recent USSR test 
series, Martell (17 has proposed a modification of the Libby 
model to allow for a shorter mean stratospheric residence time 
for fission debris injected at far northern latitudes. His 
model proposes that material injected into the stratosphere 
near the equator contributes uniformly to world-wide fallout, 
while material injected at northerly latitudes falls out in the 
northern hemisphere with a mean-time of one year or less before 
stratospheric mixing is uniform. This nonuniformity of USSR 
fallout would account for the higher deposition levels in the 
northern hemisphere. 

Figure 2 is an attempt to illustrate the qualitative 
features of the various models. Quantitatively, the preferential | 
fallout model of Machta and List predicts greater stratospheric 
deposition levels at 40°N to 50°N latitude than does Libby's 
uniform fallout model. Their scheme predicts that the maximum 
surface deposition level at approximately 40°N latitude may be 
a factor of 2.5 greater than the world average. 


Considerable question still exists as to the mean-time of 
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STRATOSPHERE 





TROPOPAUSE TROPOSPHERE 


Figure 2. Transport, mixing, and deposition of fission pro- 


ducts from megaton nuclear detonations (November 1958). 
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stratospheric fallout. Libby (1) originally estimated 5 to 
10 years, corresponding to a fallout rate of 10 to 20 per cent 
per year. His most recent estimate is 6 years, corresponding 
to a fallout rate of 17 per cent per year (12). 

On the basis of high altitude sampling data, the Depart- 
ment of Defense has estimated a mean stratospheric residence 
time of only 3 years. If the 1958 soil deposition levels and 
the 3-year mean-time are correct, then the earlier tropospheric- 
stratospheric injection model proposed by Libby is in error, 
and the initial stratospheric injection from megaton weapons 


fired on the surface must be much smaller as indicated by the 


more recent data from direct measurements. Machta and List (15) 
and Stewart (21) have estimated the mean stratospheric residence 
time at 4 to 5 years and the rate of stratospheric fallout at 
about 20 per cent per year. Martell (17), on the other hand, 

has estimated the mean residence time of material injected near 
the equator at about 6 years, while the mean-time of debris 
injected at far northerly latitudes may be of the order of one 
year or less. The principal significance of the various estimates 
of fallout mean-time is the influence they have on the estimates 


of the present size of the stratospheric reservoir and the future 


testing. Attempts have been made by the Department of Defense 


and the Atomic Energy Commission to measure the stratospheric 


build-up of surface deposition levels in the event of no more | 
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reservoir directly. From these measurements and estimates of 
the USSR injection during October 1958, the fallout prediction 
panel held prior to the recent Congressional Subcommittee Hear- 
ings estimated the stratospheric strontium-90 content (as of 
November 1958) at 3 MC. 

Assuming the stratospheric inventory of 3 MC of strontium- 

90 as of November 1, 1958, Machta (14) has predicted soil de- 
position levels at the time of maximum (1962-1965). His predic- 
tion is shown in Fig. 3. All the October 1958 Russian debris 
was assumed to stay in the northern hemisphere, while the pre- 
October debris was partitioned with twice as much fallout in 
the northern as in the southern hemisphere. Average maximum soil 
deposition levels of strontium-90 and cesium-137 for various 


areas and regions of the world from weapons tests through 1958 


are shown in Table 6. 


Table 6. Predicted Average Maximum® Strontium-90 and Cesium-137 
Soil Deposition Levels (Assuming No More Testing) 











ac/ai- 
Region or Area Strontium-90 Cesium-137 
USA 79 142 
Between 20°N - 60°N Latitude” 64 115 
Between 20°S - 60°S Latitude 17 31 
Rest of World 12 22 
World Average 26 48 





"vaximum levels will occur 1962 to 1965. 


Dr ncludes 82 per cent of the world population. 
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Since the size of the stratospheric reservoir, the fallout 
mean-time, and the mechanism of stratospheric distribution are 
still open to question, these estimates are subject to consider- 
able uncertainty. At the time of maximum surface deposition, the 
north temperate population belt (where about 82 per cent of the 
world population lives) may average about 1.8 times the October 


1958 level, even if weapons tests are not resumed. 


Future Biospheric Contamination (With Continued Testing) 


Weapons tests during the past two years by only three 
nuclear powers have essentially doubled the potential strontium- 
90 and cesium-137 biospheric contamination. Recent measurements 
have indicated also that the contribution various nations may 
make to long-range fallout will be quite dependent on test site 
location and conditions of weapons detonation. As more nations 
join the nuclear fraternity, these factors will seriously com- 
plicate predictions of resultant contamination levels. 

The soundness of the conclusions reached from predictions 
based on such assumptions as a constant test rate of 10 MT of 


fission per year or repetition of the past 5-year pattern of 


nuclear weapons development necessarily depends on the validity 
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of the initial assumptions. The test pattern during the past 
two years seems to invalidate any assumption of a constant test 
rate, and the possibility of other nations becoming nuclear 
powers compromises the assumption of repetition of the past 5- 
year pattern. It is reasonable, however, to expect all nations 
who choose to become independent nuclear powers to go through 
somewhat similar developments in which the rate of fission 
energy release increases exponentially, reflecting the rate of 
production of fissionable material. 

Eventually, the rate of fission product contamination may 
be expected to reach a maximum and begin decreasing as the 
techniques of thermal fusion are mastered and the weapons and 
delivery systems are properly mated. Smaller, subsidiary peaks 
may occur from time to time as a result of new ideas in weapons 
technology or additional requirements imposed by delivery systems. 
It may require from 30 to 60 MT equivalents of fission for a 
nation to become an independent, fully developed, nuclear power. 
In this case, the level of biospheric contamination from future 
tests will be dependent on the number of nations that independently 
become nuclear powers and the time sequence of their development. 
Since it is not possible to estimate the number of nations that 
eventually will become nuclear powers, the time sequence of their 


development, their conditions of testing, and the locations of 


their respective tests sites, we can only assume that the test pattern 
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of the past 5 years will be repeated at 5-year intervals. 
Strontium-90 and cesium-137 decay at the rate of approximately 
2.5 per cent per year. If, therefore, the past 5-year test 
pattern is repeated in the next 5 years, the potential bi- 
ospheric strontium-90 and cesium-137 contamination levels will 
be 1.8 times the projected levels from tests through 1958. If 
the pattern is repeated every 5 years for the next 40 years, 
equilibrium will be established at about 8 times the anticipated 
levels from tests to date. Predicted average maximum strontium- 
90 and cesium-137 soil deposition levels, assuming the past 5- 


year test pattern is repeated during the next 5 years, are given 


in Table 7. 


Table 7. Predicted Average Maximum® Strontium-90 and Cesium-137 
Surface Deposition Levels, Assuming Repetition of Past 
5-Year Biospheric Contamination Pattern during the 
Next 5 Years 


me/mi? 
Region or Area Strontium-90 Cesium-137 
USA 142 256 
Between 20°N - 60°N Latitude 115 207 
Between 20°S - 60°S Latitude 31 56 
Rest of World 22 40 
World Average 48 86 





"Maximum levels may occur in about 1968. 
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These predictions suggest that surface deposition levels 
in the north temperate population belt may exceed 100 me/mi, 
if weapons tests continue at the past 5-year rate for another 
5S years. Such estimates, however, are little more than guesses 
since they are predicated on the assumption that future tests 
will be held at the same sites and in essentially the same 


manner as in the past. 
INCORPORATION OF NUCLEAR DEBRIS INTO THE BIOSPHERE AND MAN 


Radionuclides from fallout may enter the body through in- 
spiration of the contaminated atmosphere and by ingestion of 
contaminated food and water. It is generally agreed that intake 
of fission products through inhalation of contaminated air and 
ingestion of contaminated water are of minor significance, and 
(at the present time) ingestion of food contaminated with 
strontium-90 and cesium-137 seems to present the major potential 
hazard. 

When strontium-90 and cesium-137 reach the earth's surface, 
they enter man's food chain largely through contamination of 
vegetation. Fallout may contaminate vegetation in a variety of 
ways. That which deposits directly on leaf surfaces may be 
partially incorporated into plants through foliate absorption or 
may remain as surface contamination to be ingested by man and 


his food-producing animals. Strontium-90 and cesium-137 deposited 
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on the soil surface may enter plants through stem-base absorp- 
tion. In this case, they will not have time to be diluted by 
the soil calcium and potassium, and soil-to-plant discrimina- 
tion factors will not apply. Present indications are that the 
majority of cesium-137 and an appreciable fraction of the 
strontium-90 present in man's foods are entering by the above 
mechanisms. With time, however, the radionuclides are diffusing 
into the soil and being taken into plants via root absorption. 
Only where entry of strontium-90 and cesium-137 into plants 
is predominantly through root absorption will their levels in 
man and his foodstuffs bear a consistent relationship to inte- 
grated fallout and conform to a true ecological model. Even in 
this case, a direct relationship between integrated fallout and 
biospheric contamination may be transient, since diffusion below 
the root feeding zone may be expected eventually. In any event, 
when contaminated plants are eaten by animals, the strontium-90 
and cesium-137 incorporated in them or deposited on their surfaces 
are absorbed and retained by the animal according to the specific 
metabolic characteristics of the individual nuclides. When plant 
and animal products are eaten by man, the strontium-90 and cesium- 


137 they contain are absorbed and incorporated into his tissues, 


again in accordance with their specific metabolic properties. 
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Strontium-90 


Ecological Incorporation and Discrimination.--As stated 
above, the entry of strontium-90 into man and his food chain 
will not conform to a pure ecological model until the strontium- 
90 has become incorporated with soil calcium to the average depth 
of the plant feeding zone and until root absorption becomes its 
major route of entry into vegetation. There are many other 
serious objections to an ecological interpretation of the entry 
of strontium-90 into the biosphere and to the use of ecological 
discrimination factors to develop an over-all discrimination 
ratio for the estimation of equilibrium levels in the bones of 


man. The concept, however, is still a very useful one in that 


strontium-90 biospheric contamination. 

In earlier papers (9, 18, 22, we developed the over-all 
discrimination ratio, ag, EF for strontium-90 over calcium 
in going from soil to human bone using the average US diet as 
an example (Fig. 4). Recent data have not justified the use of 
a discrimination factor of less than unity in going from soils 
to plants, and Fig. 4 has been modified to take these observa- 
tions into account. The most recent research has failed to in- 


dicate any change in the other discrimination factors along the 


food cycle. Since the over-all discrimination ratio is dependent 


it provides some understanding of the broad general picture of 
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on the relative proportions of milk-to-plant calcium in the diet, 
it will vary greatly for Far Eastern and Western populations. 
Using the basic data in Fig. 4, the general expression for the 


over-all ecological discrimination ratio becomes 


(OR )= (M, x 0.032) + (Ry x 0.25) 


bone-soil 


where My and Re are the fractions of dietary calcium derived from 
dairy products and from other sources, respectively. 

Strontium-90 to calcium discrimination ratios for various 
countries, derived from per capita consumption of principal food- 
stuffs (23, 24) and their average calcium content (25) are given 
in Table 8. Factor (OR) varies from about 0.06 for countries 
with high milk consumption (New Zealand, Switzerland, Sweden) to 
about 0.2 for Far Eastern countries that consume little milk. 
Discrimination ratios were weighted for the population densities 


of the various countries to give weighted average values for the 


north temperate population belt and the rest of the world. Becaus 


of the population distribution of the Far Eastern countries, the 
population-weighted discrimination factor was 0.15 for both areas.) 
When population-weighted, the average discrimination factors for 
Western and Far Eastern civilizations were 0.09 and 0.18, re- 
spectively. The discrimination ratios for the various areas are 
only superficially adjusted for differences in population dietary 


habits and make no allowance for individual variations in calcium 
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t Table 8. Strontium-90 to Calcium Discrimination Ratios for Various 
3 


Countries Derived from per capita Consumption of 
Principal Foodstuffs 








Country My Re OR 

Algeria 0.69 0.31 0.099 
Argentina 0.79 0.21 0.078 
Australia 0.82 0.18 0.071 

Austria 0.85 0.15 0.065 
Belgium-Luxemburg 0.75 0.25 0.087 

Brazil 0.60 0.40 0.119 

' Bulgaria 0.54 0.46 0.132 

' Burma 0.33 0.67 0.178 

rom F canada 0.85 0.15 0.066 
Chile 0.67 0.33 0.104 

China 0.23 0.77 0.200 
Columbia 0.67 0.33 0.104 

Cuba 0.67 0.33 0.104 

_ Czechoslovakia 0.71 0,29 0.094 

od- Denmark 0.79 0.21 0.078 
| Egypt 0.57 0.43 0.126 

en Finland 0.84 0.16 0.067 
France 0.75 0.25 0.087 

Germany 0.74 0.26 0.089 

Greece 0.63 0.37 0.113 

to | Hungary 0.53 0.47 0.134 
| India 0.51 0.49 0.138 
Indochina 0.16 0.84 0.215 
Indonesia 0.11 0.89 OQ.226 

es Italy 0.62 0.38 0.115 
Ireland 0.75 0.25 0.087 

-he Israel 0.73 0.27 0.091 
Japan 0.18 0.82 0.211 

>Cause Malaya 0.19 0.81 0.209 
Mexico 0.56 0.44 0.128 

the | Morocco 0.75 0.25 0.087 
Nether lands 0.83 0.17 0.069 

eas. New Zealand 0.88 0.12 0,058 
| Norway 0.86 0.14 0.063 

for Pakistan 0.72 0.28 0.093 
| Peru 0.41 0.59 0.161 
Philippines 0.18 0.82 0.211 

Poland 0.55 0.45 0.130 
Portugal 0.30 0.70 0.185 

—; Rhodesia 0.41 0.59 0.161 
Rumania 0.59 0.41 0.121 

tary Spain 0.50 0.50 0.141 
Sweden 0.87 0.13 0.060 

cium Switzerland 0.87 0.13 0.060 
Thailand 0.55 0.45 0.130 

Turkey 0.37 0.63 0.169 

Union of South Africa 0.71 0.29 0.094 

United Kingdom 0.81 0.19 0.073 

United States 0.80 0.20 0.076 

Uruguay 0.82 0.18 0.071 
Venezuela 0.75 0.25 0.087 
Yugoslavia 0.67 0.33 0.104 
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metabolism and for the fraction of strontium-90 entering the 
food chain through di.ect fallout on vegetation or via stem- 
base absorption. 

Assuming an average of 20 grams available calcium per 
square foot of soil to a depth of 2.5 inches, 1 mc of strontium- 
90 per square mile is equivalent to 1.8 pyc strontium-90 per 
gram available soil calcium (13). If all the strontium-90 is 
in available form, multiplication of the surface deposition levels 
by 1.8 gives the strontium-90 activity per gram of available soil 
calcium. Multiplication of the specific activity of available 
soil calcium by the strontium-90 discrimination ratio should give 
the average maximum specific activity of calcium laid down in 
the adult skeleton through exchange and bone remodeling during the 
period of environmental contamination and the average maximum 
strontium-90 concentration in a skeleton at equilibrium with the 
integrated surface deposition levels. Average equilibrium bone 
levels for the various regions and populations (derived from dis- 
crimination factors and the data in Tables 5 and 6) are shown in 
Table 9. Bone levels derived in this way have only the broadest 
general significance and may be conservative, since they are de- 
rived on the basis of complete equilibrium and availability of the 


deposited strontium-90 in the top 2.5 inches of soil and on the 





























assumption that all man's dietary calcium comes only from this depth. 
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Table 9. Average Maximum Strontium-90 Equilibrium Bone Levels 
Derived from Ecological Considerations® 





puc/g Calcium 
—_— 





Region or Population 1958 At Maximum 
Average USA 7 1l 
Western Populations* 6 10 
Average 20°N - 6O°N Latitude‘ 9 16 
Far Eastern Populations 1l 20 
Weighted World Average* 7 13 


# assuming no more tests after 1958. 
Oyaximum will occur about 1962 to 1965. 


“Weighted for diet and population. 


Cultivation will distribute the strontium-90 to a greater depth, 
and soil analyses show that 10 to 20 per cent of the strontium- 
90 in some areas has already diffused below a level of 3 inches. 
Another method of estimating strontium-90 bone equilibrium 
levels from ecological considerations is to use the geochemical 
observations of Thurber et al (26) regarding transport of common 
strontium. Using the average stable strontium content of soils 
and rocks and the average strontium content of human bones from 


16 localities throughout the world (including Asia), they estimated 


42165 O—59—vol. 2——-11 
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an over-all discrimination ratio from soil-to-bone of 0.07. The 
data showed relatively uniform world-wide distribution of stable 
strontium in human bone, which reflects uniformity of dietary 
intake. From this observation, they concluded that variations 
in strontium-to-calcium discrimination ratios in different 

areas may not be important in determining strontium-90 bone 
levels. The population-weighted world average maximum equilibrium 
bone level in 1962 to 1965, calculated on the basis of their 
stable strontium data, would be about 7 pyc/g calcium. This is 
a factor of approximately 2 lower than that estimated by the use 
of the individual diet-weighted discrimination factors for the 
various regions and populations. 

The use of element-pair discrimination factors and trans- 
port ratios in evaluating the potential hazard of a radioactive 
member of the pair has been questioned by Kornberg (27). In the 
first place, their use in the above manner implies that such 
ratios are constants, which is not borne out by experiment. In 
addition, the use of ratios has led frequently to reporting of 
strontium-90 content of foods only as ppc per gram calcium. In 
the future, it may be desirable to report both concentration and 


strontium-90 to calcium ratios. These criticisms, however, do 


not invalidate the use of ecological discrimination ratios and 


discrimination factors in considering the broad general aspects 


of biospheric contamination. 
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Strontium-90 in Foods.--It seems doubtful that strontium-90 
is entering man's food chain at the present time entirely through 
the soil. A fraction of the strontium-90 concentration in 
vegetation may be derived from leaf pick-up and base-stem absorp- 
tion. Analysis of principal foodstuffs responsible for dietary 
calcium intake may give a better indication of man's strontium- 

90 burden than the ecological considerations discussed previously. 
In the US and other Western populations, milk is the principal 
source of body calcium. This is particularly true during childhood, 
which is the period of skeletal accretion. 

The New York Health and Safety Laboratory began analyses 
of milk samples from the New York area early in 1954. The pro- 
gram in the US and other countries now includes analyses of milk 
from about 100 locations. The U. S. Public Health Service also 
initiated a milk sampling program, which began in 1957 and which 
has now expanded to include 10 sampling points well spaced to 
give a general coverage of the United States. Their data show 
a general average strontium-90 content for US milk of approxi- 
mately 5.3 puc/g calcium during 1957 and 6.7 uyc during 1958, with 
an occasional sample in 1958 running as high as 18 to 20 upc. The 
average milk value (for the same period) from four stations, includ- 
ing the very high area of Mandan, North Dakota, reported by the 


Health and Safety Laboratory was 10 upc per gram calcium. The 


average for 1957 for the same four stations was 7.2. The average 
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strontium-90 milk concentration in England during 1957 was 
5.4 upc per gram calcium (28). The average strontium-90 con- 


tent of United States and English milk is summarized in Table 10. 


Table 10. Yearly Average Strontium-90 Milk Values 





Strontium-90 in 
uc per gram Calcium 








Year Da Ss Es England 
1955 3.5 4.1 
1956 4.4 4.4 
1957 e's" 5.4 
1958 8.2" wae: 





® average of USPHS and HASL results. The value may be somewhat 
high because of the relative weight of the Mandan, North Dakota, 
data. 

The change in strontium-90 content of US milk with time and 
its relationship to integrated fallout level from soil analyses 
and pot collection data are indicated in Fig. 5. In this figure 
the strontium-90 content of milk from the New York City milk-shed 
since June 1954 is compared with the integrated fallout (New York 
City pot collections and soil analysis data) in the same area. 
Although both integrated fallout and strontium-90 in milk have in- 
creased with time, there is a general indication that the increase 


in milk fluctuates to some extent with the rate of fallout. The 
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high discrimination factor against strontium-90 in going from 
vegetation-to-milk makes it one of the relatively less con- 
taminated sources of dietary calcium. Milk, however, cannot be 
considered the only source of dietary calcium, especially in 
the case of Far Eastern populations and adults. Consumption, 
therefore, of cereal grains, vegetables, and fruits may be 
responsible for a significant fraction of strontium-90 intake 
in this case. 

Data on the strontium-90 content of foods other than milk 
are extremely scarce. The Lamont Geological Observatory (29) 
has reported some analyses of vegetables and cereals from 
several sections of the US for 1957. Bryant et al (30) reported 
strontium-90 content of milk, cereals, meat, and vegetables . 
collected in the United Kingdom also in 1957. The New York 
Health and Safety Laboratory has also reported strontium-90 con- 
tent (largely from European countries) in cereals, vegetables, 
and fruits (20). The data on foodstuffs for 1957 are summarized 
in Table 11. From these data, attempts have been made to cal- 
culate the average strontium-90 content of the diet. Kulp (29) 
estimated that the 1957 average strontium-90 level in the diet 
in the American population was approximately 6.5 suc per gram 
calcium. An estimate by Bryant et al (30) of the strontium-90 
level in the British diet for the same period was 5 to 6 uc per 


gram calcium. 
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Table 11. Average Strontium-90 Content of Foodstuffs Providing 
Principal Sources of Calcium (January 1958) 





Source of Data and 
puc Strontium-90 per gram Calcium 








Foodstuffs Lamont British HASL 
Vegetables 10 14 15* 
Fruits _ 15 Fr 
Meat -- 15 a 
Cereals 14 6 29° 
Milk and Milk Products 8 5.4 6.3° 








* Foreign samples analyzed by Physikalisches Institut, Kiel, West 
Germany. 


*yinnesota wheat averaged 107, 217, and 155 puc per gram calcium 
for 1956, 1957, and 1958, respectively. The value may be low 
for average US cereals. 


“Milk result is average of HASL and USPHS data. 


Using the results reported in the last column of Table ll, 
the British value for meat, and the dietary data shown in Table 12, 
the strontium-90 intake as of January 1958 by Western populations 
in the north latitude population belt can be estimated as 3700 puc. 
This intake is associated with a yearly calcium intake of 450 grams 
of calcium, giving an average strontium-90 dietary level of about 
8.2 puc per gram calcium as of January 1958. Despite the inadequacy 


of the data on the strontium-90 content of foods other than milk, this 


value seems reasonable. Strontium-90 values for the diet of Oriental 
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populations may be expected to run somewhat higher than the above 


estimates. 


Table 12. Average Calcium and Strontium-90 Intake for Western 
Populations (1957) 


Yearly . Calcium Yearly Calcium Strontium-90 

Source Consumption (g/kg) Intake (g) Intake (pyc) 
Milk 322 qts -15 (qt) 370 2294 
Cereals 97 kg -16 16 464 
Meats 90 kg ok 10 150 
Fruits 104 kg 15 8 56 


Vegetables 156 kg .32 50 750 


Total 454 3714 


“Based on US diet; total calcium and strontium-90 intake may be 
lower for other Western populations. The calcium to strontium-90 
ratio, however, should be relatively the same. 


Kulp et al (31) also investigated the maximum variability 
of strontium-90 concentration in a number of foodstuffs from 
various parts of the world. A set of 50 US milk samples, collected 
from untilled farms or poor lands where maximum strontium-90 to 
calcium levels would be expected, showed maximum values 3 to 5 
times the US mean value. Milk samples collected from five in- 
dividual areas in the vicinity of Mandan, North Dakota, in May 1958 


(an area chosen for its very high milk values) showed an average 
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strontium-90 content of 19.1 ppc per gram calcium, with a range 


from 8.7 to 35.8. The maximum was only 5 times the US average 


milk value for 1958. 

As part of a study of possible correlations between the 
strontium-90 and cesium-137 levels in milk, a series of 1957 
milk samples collected and analyzed for cesium at LASL were 
sent to the Lamont Geological Observatory for strontium-90 
analysis. Three hundred and sixty-two weekly samples from 19 
localities were composited into 112 monthly samples. The 
strontium-90 analyses indicated an average strontium-90 in US 
milk for 1957 of 5.1 SU, with a range from 0.8 in Arizona to 
11.3 in North Dakota. 

Kulp et al (31) also found that other foodstuffs from various 
parts of the world did not vary more than 3 times the world average. 
A special study was made of the food supply of an isolated Indian 
tribe in the upper Amazon Basin, an area chosen because of the 
high rainfall and severely leached soil, and again the maximum 
strontium-90 levels were only 4 to 5 times the world average. 

The above results are consistent with the conclusion that a 
factor of 2 above the mean will include the variation in strontium- 
90 concentration of foods in many areas and that a factor of 
about 5 will cover most variations. 

The high strontium-90 content of Minnesota wheat has re- 
ceived considerable attention recently (32). Since cereals pro- 


vide only 16 out of 450 grams of the yearly dietary calcium intake, 
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occasional high values in localized areas will not have a pro- 
portionate effect on the general US average strontium-90 intake. 


Taking the average strontium-90 content of Minnesota wheat as 


the average for all cereals would have increased the January 1958 


dietary strontium-90 level to 10.5 wuc per gram calcium, an in- 
crease of about 30 per cent. Wheat is not the only cereal in 
the diet, and it is seldom that cereals grown in a specific 
area will be consumed locally. Processing may be expected to 
remove some of the strontium-90 also. 

Strontium-90 Levels in People.--Since the ultimate purpose 
of all fallout studies is the assessment of its potential hazard 
to man, direct measurements of strontium-90 accumulation in the 
skeleton are extremely important. Investigations of the actual 
levels of strontium-90 in human bone have been carried out since 
1955 by laboratories in the United States and Great Britain (33, 
34, 35, 36, 37). The most recent report from the Lamont 
Geological Observatory (35) summarizes the results of 1709 
analyses (1339 adults, 370 children) from a collecting network 
which includes 35 stations with a world-wide distribution weighted 
in favor of Western populations. As a result of these and other 
studies, the distribution of strontium-90 through the adult 
skeleton is well established, and the variation of strontium-90 
burden with age is shown to be in agreement with predictions based 


on skeletal growth and fallout rates. 
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One of the most difficult problems encountered in evaluat- 
ing the strontium-90 hazard is the present nonequilibrium state 
between strontium-90 levels in bone and those in the environment. 
This lack of equilibrium is brought about by the long growth 
period of the human skeleton (20 years) relative to the period 
of weapons testing and the low rate of exchange and remodeling 
of adult bone [3.8 per cent per year (35)] - Children are nearest 
to being in equilibrium and hence have the highest strontium-90 
bone values. As the period of weapons testing, however, 
approaches that of skeletal formation, the discrepancy between 
children and adults will disappear. 

That the variation of strontium-90 content of human bone 
with age could be explained on the basis of the rate of skeletal 
formation and the fallout pattern was first shown by Langham 
and Anderson (38). More detailed analyses based on later data 
have been made (35, 39). Closest approach to equilibrium 
occurs at about age 2 years, at which time the skeleton has a 
strontium-90 concentration that is about 80 per cent of dietary 
equilibrium. Adult skeletons, which contain only that strontium- 
90 entering by exchange and remodeling, show no age effect and 
presently average about 8 per cent of equilibrium, Analytical 
data reported by Kulp et al (35) showed the population-weighted 
world average strontium-90 bone level was 0.52 pyc per gram calcium 
as of January 1958, and the weighted average in the adult population 


was 0.19. 
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The values for the area between 20°N and 60°N latitude 
would be essentially the same, since about 80 per cent of the 
world's population lives in that region. No great difference 
was found between the average bone levels in the northern and 
southern hemispheres. This was attributed to the transport of 
food from the northern to the southern hemisphere. The data 
also suggest that bone levels in rice-diet areas are higher 
than those in Western populations by a factor of about 2, 
which is at variance with the observations based on data for 
common strontium (26). A factor of 2 difference is also in- 
dicated by the comparison of the strontium-90 content of fetal 
bone from Asia and North America plus Europe (1.3 and 0.62 pyc 


per gram calcium, respectively), and by comparison of the few 


data for Far Eastern adult bone with that for Western popula- 


tions. It should be kept in mind also that the majority of the 
bone data, regardless of area, comes almost exclusively from an 
urban environment, necessitated by the method of collection. 
Strontium-90 levels in bones from Great Britain have been re- 
ported by Bryant et al (28). Their results are in good general 
agreement with those obtained by the US and have been combined 
and included in the report by Kulp et al (35). 

The observed strontium-90 concentrations in bone and in 
diet and soil (discussed in the previous sections) can be used 
to estimate average maximum bone concentrations at equilibrium. 


Equilibrium levels are important because they represent the 





1e 


an 


al 


FALLOUT FROM NUCLEAR WEAPONS TESTS 1113 


strontium-90 concentration in newly formed bone of children 

and adults and supposedly the concentration in all bone laid 
down in equilibrium with the diet and eventually in equilibrium 
with the level of biospheric contamination. Average bone con- 
centrations at equilibrium are a measure of the average maximum 
potential hazard of strontium-90 biospheric contamination to 
the population. 

Kulp et al (39 have used the strontium-90 bone data for 
all ages to calculate the average maximum equilibrium bone 
levels for Western populations in the region between 20°N and 
60°N latitude from weapons tests to date. Their estimates are 
based on the strontium-90 content of the average Western diet 
for the past 5 years, the rate of deposition of skeletal calcium 
with age (49, an average bone-to-diet discrimination ratio of 
0.25 (30, 41, 42), and a value of 3.8 per cent per year for the 
average rate of bone turnover (35). The calculations show 
average maximum equilibrium bone levels of approximately 1.8 and 
4.1 ppc strontium-90 per gram calcium as of January 1958 and 
1966 (the time of maximum concentration from weapons tests to 
date), respectively. 

Using the 1957-1958 average bone data for the various ages 
and a similar method of calculation (38), we estimate the average 
maximum strontium-90 bone level for Western populations between 


20°N and 60°N latitude at 2 uuc per gram calcium as of January 1958. 
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These estimates may be compared with that of Bryant et al (30), 
who estimated the average equilibrium bone level in Great Britain 
as of mid-1957 at between 1 and 2 ppc per gram calcium. Ex- 
trapolated to January 1958, their value would be between 1.2 and 
2.4. The average maximum equilibrium bone level for Western 
populations (for January 1958) may be estimated also from the 
dietary data given in Table 12. These data show an average 
dietary intake for the United States, and presumably for Western 
populations, of 3700 puc strontium-90 associated with a calcium 
intake of 454 grams. Assuming a bone-to-diet discrimination 
ratio of 0.25, the equilibrium bone level as of January 1958 
would be 2 ppc per gram calcium. Our calculation of the equili- 
brium bone level (as of January 1958) from the British bone data 
gives a value of 2.2 pyc per gram calcium. 

Taking 2 puc per gram calcium as the average maximum 
strontium-90 equilibrium bone level for Western populations as 
of January 1958 and assuming the corresponding average strontium- 
90 surface deposition level between 20°N and 60°N latitude was 
25 ac/ui, the equilibrium concentration per mc/mi* is 0.08. 
Using this factor and assuming bone equilibrium levels scale 
directly with integrated surface deposition, the data in Tables 5 
and 6 can be used to calculate the average maximum equilibrium 


bone levels for the various regions as of October 1958 and at the 


time of maximum in 1962 to 1965. Equilibrium levels calculated 








FALLOUT FROM NUCLEAR WEAPONS TESTS 1115 


in this way are shown in Table 13. 


Table 13. Estimated Average Maximum Strontium-90 Equilibrium 
Bone Levels Derived from Bone Analyses 





uc per gram Calcium 





Region 1958 At Maximum* 
USA 4 6 
Western Population 3 5 
20°N - 60°N Latitude” 5 8 
Far Eastern Population® 6 10 
Weighted World Average 4 7 





* assuming no more testing after 1958, maximum will be reached 
in 1962 to 1965. If tests continue at past 5-year rate, bone 
levels will increase by a factor of about 1.8, 

bweighted for population and diet of Far Eastern populations. 
“Assumed to be 2 times Western population for dietary reasons. 


4p ietary-weighted. 


In making these computations, it was assumed that the 
equilibrium bone levels derived from the analytical data represented 
Western populations and not the north temperate population belt. 

It was further assumed that Far Eastern populations would have bone 


levels twice those of Western populations. In computing the 


population-weighted world average, the dietary habits of the various 
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populations were considered. 

These data show world population-weighted average maximum 
strontium-90 bone equilibrium levels of 4 and 7 ppc per gram 
calcium for October 1958 and at maximum from weapons tests to 
date (1962 to 1965), respectively. The latter value is approxi- 
mately 10 per cent of that suggested recently by the Inter- 
national Commission on Radiological Protection as the maximum 
permissible level for the general population. It should be kept 
in mind, however, that the numbers in Table 13 were predicated 
on the assumptions that the stratospheric reservoir contains 
3 MC of strontium-90 from past tests, and that the concentration 
in the world's diet (and consequently in human bone) will inte- 
grate with the surface deposition level. Analyses of milk and 
other foods indicate that some strontium-90 is entering the food 
chain via direct contaminatim of vegetation, and it is not 
possible at present to say whether man's dietary strontium-90 
concentration will follow exactly the integrated surface deposi- 
tion level. If it does not, the projected 1962 to 1965 bone 
levels in Table 13 will be conservative. Average maximum equilibrium 
bone levels in about 1968, assuming weapons tests continue and the 
past 5-year test pattern is repeated, may be obtained by multiply- 
ing the values in Table 13 by a factor of 1.8. 

It is of interest to compare the average maximum equilibrium 


bone levels estimated from bone analyses with those derived from 
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strontium-90 ecological discrimination ratios given in Table 9. 
Invariably, the ecological predictions are higher by approxi- 
mately a factor of 2. A number of postulates can be made as to 
the reason for this discrepancy, most of which involve strontium- 
90 soil-to-plant relationships. It is possible that the plant-to- 
soil discrimination factor is about 0.5 or that about 50 per cent 
of the strontium-90 becomes unavailable in the soil, or that the 
over-all average depth of the feeding zone of plants that con- 
tribute man's dietary calcium is about 5 inches instead of 2-1/2. 
It is possible also that the world average available soil calcium 
on which man's food is produced is 40 grams per square foot in- 
stead of 20. It is, of course, possible also that a time-lag 

in the soil-to-plant equilibrium level is making the bone values 
low. Since so many uncertainties exist in the soil-to-plant 
relationship and the bone values are based on direct measurement, 
they would seem to be preferred in estimating the potential 
hazard of strontium-90 fallout. 

The estimated values given in Table 13 are general averages 
for the maximum equilibrium strontium-90 bone levels in large 
segments of the world population and make no allowances for 
local variations in fallout due to meteorological factors, 


proximity to test sites, geographic and local variations in avail- 


able soil calcium, and individual variations in dietary habits, 


nutritional states, and metabolic factors. Great uncertainty 


42165 O—59—vol. 2 12 
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exists as to the expected individual variation of strontium-90 
bone levels from the regional and population averages. The 
point in question is the ultimate distribution curve for the 
world population, when equilibrium with biospheric contamination 
is attained. A distribution curve of all bone data collected 
from subjects of all ages would be meaningless because of the 
relatively short period of environmental contamination and the 
age-dependence of strontium-90 contamination. As would be ex- 


pected, however, the data for adult bone show no age-dependence, 


These facts led Kulp et al (35) to consider a frequency plot 


of all 1957-1958 adult bone data as an empirical basis for 
estimating strontium-90 distribution in the world population. 

The frequency distribution plot was clearly not normal but rather 
approached a log-normal pattern, and the actual data extended 

to a maximum of 10 times the mean. The true distribution at 
equilibrium with biospheric contamination will undoubtedly be 
narrower as deduced by the Lamont group from the distribution 
patterns of adult bone data from more homogeneous populations. 
Adult bone data for New York City showed a maximum value that was 
only 3 times the mean, while the highest observed value in the 
data from the northeastern United States was about 4 times the 
mean. The data from rice-diet areas clearly showed a wider spread 
than that from the United States by a factor of about 2. The 


maximum measured value in this area was about 7 times the mean. 
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This was attributed to the possible influence of more restricted 
food distribution and the greater variability of strontium-90 
content of vegetation as compared to that of milk, the principal 


source of dietary calcium in the US population. 


On the basis of these and other considerations, Kulp et al (395 


suggested that 10 per cent of the population may exceed twice 

the mean (for their age group), 1 per cent may exceed 5 times 

the mean, and none will exceed 20 times the mean value. 

Schubert (43), who believes the Kulp data do fit a log-normal 
distribution, has estimated that 5 per cent of the world popula- 
tion may reach levels of 2 times the mean and 0.05 per cent may 
reach levels of as much as 4 times the mean value. The above 
estimates of population spread may be conservative, since they 
make no allowance for a narrowing of the distribution as complete 
biospheric equilibrium is approached and for the contribution of 
analytical error in the observed spread in the bone data. For 
practical considerations of the potential hazard of strontium-90 
fallout to the world population, a spread of 5 times the mean 

with an upper limit of 10 would seem to be realistic. Applica- 
tion of these values to the 1962 to 1967 weighted world average 
maximum strontium-90 bone level of 7 pyc per gram calcium suggests 
that a small segment of the world's population may approach 70 puc 
strontium-90 per gram calcium as a result of nuclear weapons 


already tested. A few people in the Far Eastern populations may 
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approach the level of 100 wc per gram calcium, which is above the 
permissible level of 66 pyc recommended for the general popula- 
tion in the latest report of the International Commission on 


Radiological Protection (44). 


Cesium-137 


When cesium-137 falls to the earth's surface, it is taken 
into plants through foliate and stem-base absorption. Incorporated 
into the soil, it will be absorbed via the root system according 
to its specific soil-plant characteristics. Its entry into vegeta- 
tion at the present time is believed to be principally by the 
first two mechanisms, 

Cesium is chemically and metabolically similar to potassiun, 
which is an essential constituent of plants and animals. It is 
reasonable, therefore, to expect that to a first approximation 
it will follow potassium in the biosphere much as strontium-90 
follows calcium, and to express cesium-137 levels in terms of 
its ratio to potassium. Metabolically, cesium is enough like 


potassium that it concentrates in the same tissues and organs 


(predominantly the muscle). Chemically and biochemically, how- 


ever, it differs enough from potassium that pronounced dis- 


crimination with respect to potassium occurs all along the ecological 


cycle. 
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Ecological Incorporation and Discrimination.--Although it 
appears probable that cesium-137 is not entering the food_chain 
via the soil, the ecological transport mechanism (Fig. 6), which 
was proposed in an earlier paper (45), includes a soil-to-plant 
step. The model is based on the best cesium-137 to potassium 
discrimination factors that could be found at the time. It 
should be pointed out, however, that they may not be very 
accurate, especially the factor from soils-to-plants which (as 
in the case of strontium-90 and calcium) is highly uncertain for 
a variety of reasons. If cesium-137 is entering the food cycle 
entirely via the soil, the model indicates that the cesium-137 
to potassium ratio in the human body should be about 3 per cent 
of the ratio in the available soil potassium. Deposition of 
one mc cesium-137 per square mile is equivalent on the average 
to 30 pue per gram of available soil potassium. The surface 
deposition level in mc per square mile multiplied by 30 x 0.03 
gives the predicted body cesium-137 in pyc per gram potassium. 
Predicted body cesium-137 levels for the various regions of the 
world at the end of 1958 and at maximum (assuming no more tests) 


are given in Table 14. 
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cesium-137 biospheric contamination, 
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Table 14. Ecological Prediction® of Present and Future Cesium- 


137 Levels in the Population (Assuming No More Weapons 
Tests after 1958) 





uc per gram Potassium 
—_—_— 





Region 1958 At Maximum 
Average USA 81 128 
Average 20°N - 60°N Latitude 57 103 
Average Rest of World 12 20 
Weighted World Average 48 85 





®assumes cesium-137 is entering food chain entirely through the 
soil. 


Oveximum level will occur in about 1962 to 1965. 


Since cesium-137 has not had time to come into equilibrium 
with soil potassium and is probably entering plants largely via 
direct contamination, the predicted values are useful only to 
give some indication of what might be expected in the equilibrium 
state. Obviously, if cesium-137 is entering the food chain only 
via direct contamination of vegetation, people would be in 
equilibrium with the fallout rate and body cesium-137 (with no 
more testing) will begin dropping immediately with a half-time 
corresponding to the half-time of stratospheric fallout. In this 


case, the projected levels in Table 14 will have no meaning. 
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Cesium-137 in Foods.--In the spring of 1956, the Los Alamos 
Scientific Laboratory began an extensive survey of the cesium- 
137 to potassium ratio of the United States milk supply. The 
purpose was not primarily monitoring per se but rather the study 


of fallout mechanisms. Measurements are made by gamma assay in 


a large volume 4ff liquid scintillation counter, simultaneously 


measuring the 0.661-Mev gamma ray of cesium-137 and the 1.46- 
Mev gamma ray of potassium-40. The same method was used also to 
measure cesium-137 to potassium ratios in people and some foods 
other than milk. The results of the 1956 and 1957 surveys have 
been reported previously (45, 46, 47), and a complete listing 

of all 1958 results has been issued (48). 

The average cesium-137 content of dried or fresh milk samples 
collected from 11 stations in various sections of the United 
States was 24 pyc per gram potassium (46) during 1956. The number 
of samples and locations, however, were too small to constitute 
a good general average of the nation's milk supply. During 1957, 
dried milk was routinely sampled from 33 locations within the 
United States, and a few spot-checks were made on foreign milk (47). 
A total of 887 measurements were made. The 1957 levels of cesium- 
137 in milk from the various parts of the United States are shown 
in Fig. 7. Changes in cesium-137 in milk from a given locality 
throughout the year showed indications of seasonal variations on 


which was superimposed transient peaks due to tropospheric 
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contamination during periods of weapons testing (proved by the 
presence of barium-140 and lanthanum-140 in the milk). The 
average cesium-137 content of US milk samples was 32 puc per 
gram potassium and varied from 59 puc per gram potassium in 


Washington state to 12 upc per gram potassium in lower California 


and Arizona (the areas of lowest rainfall). Monthly samples (fron 


May to December 1957) collected from 5 milk-sheds* and reported 
by the U. S. Public Health Service averaged 34 pyc per gram 
potassiun. 

Through 1958, 1887 milk samples have been analyzed. For 
United States stations, the average cesium-137 content of 1958 
milk was 42 puc per gram potassium, with a spread of 2 (Arizona) 
to 70 (Vermont). The 1958 average for the 5 milk-sheds sampled 
by the Public Health Service was 44 pyc per gram potassiun. 
During the late spring of 1958, milk samples were marked by in- 
dications of unusually heavy tropospheric contamination, due 
presumably to Russian spring test operations. The data on 
cesium-137 levels in US milk are summarized in Table 15. Although 
only three years results are available, these data suggest that 


the average cesium-137 content of milk is increasing in relation 


*Sacramento, California; Salt Lake City, Utah; St. Louis, Missouri; 


Cincinnati, Ohio; and New York City, New York. 
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to the level of integrated fallout (as in strontium-90) but 


with a much flatter slope. 


Table 15. Average Cesium-137 Content of United States Milk 


upc Cesium-137 per gram Potassium 


Year LASL uspHs®* 


1956 24 -- 
1957 32 34 
1958 42 44 


* average of 5 milk-sheds, assuming milk contains 1.4 grams 
of potassium per liter. 


Five samples from Argentina (produced in November and 
December 1956) had an average cesium-137 content of 9 uc per 
gram potassium, with a range of 4 to 12. The average was a 
factor of 4 lower than comparable samples from the northern 
United States. Twelve monthly samples from Australia during 
1957 did not indicate such a large hemispheric effect and 
showed an average cesium-137 content of 18 pyc per gram potas- 
sium compared to 20 to 40 for areas of similar annual rainfall 
in the United States. 

Figure 8 shows a plot of the 1957 average cesium-137 milk 
levels at the various sampling points against total precipita- 


tion. The milk average is computed for those periods in which 
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tropospheric contamination was absent as indicated by the absence 
of barium-140. The months of June, July, September, and October 
were principally affected. The data appear to divide into two 
groups, each group showing a fair correlation between cesium 
level and rainfall, but with pronounced difference in slope. One 
group includes the far western and northernmost states; the other 
the midwest, south, and east. 

Figure 9 shows the same data expressed as puc cesium-137 
per gram potassium per inch of precipitation superimposed on a 
map of the United States. A line from El Paso, Texas, to 
Minneapolis, Minnesota, and then east divides the country into 
two regions, one having a higher value of cesium-137 per gram 
potassium per inch of rainfall and the other having a lower value. 
(Two outstanding anomalies in the former region are Portland, 
Oregon, and Fernbridge, California.*) The two regions suggest 
a possible reflection of different meteorological patterns. The 
manner in which the tropospheric air masses principally responsible 


for precipitation approach or traverse the latitudes of high 


*The anomalous results in these regions may be explained on the 
basis of orographic precipitation. The prevailing onshore winds 
are lifted by the coastal ranges, causing clouds and precipita- 
tion. Such clouds do not normally extend to as great heights 

as those associated with the cyclonic storms dominating the pre- 
cipitation patterns elsewhere in the western states. This should 
result in less scavenging per inch of rainfall of radioactivity 
from the higher concentrations found aloft. (We are indebted to 


Dr. Robert J. List of the U. S. Weather Bureau for this interpreta- 
tion.) 
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stratospheric leakage and the sizes of the air masses which mix 
to produce a given quantity of precipitation may be factors. A 
similar correlation between strontium-90 fallout and rainfall 
has been pointed out by Machta (49) and Collins and Hallden (50). 

No new data are available for the cesium-137 content of 
foods other than milk since the last Hearings (1). Some in- 
dication of the cesium-137 content of the general 1957 United 
States diet, excluding milk, may be inferred from a plot of 1957 
milk values against the average cesium-137 content of people from 
the same areas for the same time period (Fig. 10). These data 
show a definite positive correlation between the cesium-137 
activity in milk and in people. The slope of the regression line 
is 0.7. If about 40 per cent of dietary potassium is derived 
from milk, then the discrimination factor [i.e., the ratio of 
(Cesium-137 to Potassium) 4, to (Cesium-137 to Potassium), 4] 
for cesium-137 from milk-to-man is 1.8. Extrapolation of the line 
to no cesium in milk indicates that about 23 pyc cesium-137 per 
gram potassium in people must have been derived from the rest of 
the diet. Assuming 60 per cent of dietary potassium from non- 
milk sources and a discrimination factor of 1.8, the cesium-137 
to potassium ratio in the rest of the diet must have been about 
21 #pe per gram. 

Another estimate of the discrimination factor can be obtained 


from the estimate of average dietary cesium to potassium given in 
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Figure 10. Correlation of cesium-137 levels in the United 


States population with levels in milk (1957). 
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Table 16. Since some uncertainty attaches to the average 

cesium to potassium ratios given in column three, the result- 
ing dietary average is only approximate. However, combining 

this dietary value with the observed human average of about 

40 puc per gram during the same period indicates a discrimina- 
tion factor of about 2. The data also show that about 60 per 


cent of body cesium-137 comes from milk and about 25 per cent 


from meat. 
Table 16. Estimated Cesium-137 Content of Average Diet 


Dietary Average Cs/K Contribution to 





Potassium 1956-1957 Dietary Cesium 
Source (per cent) (uuc/g) (upc/g K) (per cent) 

Dairy Products 38 32 12 60 
Meat 15 32 Ss 25 
Flour and Cereals 6 24 1.4 7 
Vegetables 18 5 0.9 5 
Citrus Fruits 3 25 0.7 3 
Potatoes 19 oO oO Oo 
Average Cesium-to-Potassium 20 100 


Miller and Marinelli (51) estimated a dietary discrimination 
factor of about 2 on the basis of the ratio of excretion to body 


burden. The dietary discrimination factor calculated from the 
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ratio of the biological half-times of cesium and potassium (dis- 
cussed later) is about 3.5. 

Metabolism of Cesium-137 in Man and Animals.--The absorption, 
retention, and excretion of orally administered tracer doses of 
cesium-134 or cesium-137 were studied in five animal species using 
in vivo whole-body counting methods. Absorption of radiocesium 
by mice, rats, dogs, monkeys, and man was essentially 100 per cent. 
The retention equations for cesium in the various species are 
not simple exponentials but are multiple rate functions with 
three principal components (only two established so far for man). 
The radiocesium retention equation for man over at least 650 days 


was 


R, = 16 oot + 84 oO Ot 
where R, is the per cent retained, and t is the time after ad- 
ministration in days. From analogy with the other species, a 
third component (representing a small fraction of the dose) to 
the rate equation for man may be expected at a later time. The 
biological half-time of the major component of the cesium reten- 
tion function is 143 days, and the corresponding half-time for 
potassium retention has been estimated as about 40 days (52). 
The discrimination factor for cesium-137 with respect to potas- 
sium (under conditions of chronic exposure) in going from diet- 


to-man should, therefore, be 143/40 = 3.5, which is not consistent 
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with the value of about 2 derived from the measurements and 
dietary considerations given earlier. 

An explanation for this apparent anomaly is that potassium 
may not have a unique half-time in the body. The turnover time 
of potassium, like that of body water, may be governed entirely 
by the intake rate, the amount retained being homeostated by 
the minimum and maximum requirements of the body. Cesium-137, 
on the other hand, appears to be excreted at a constant rate 
independent of the potassium intake rate so long as the latter 
does not exceed reasonable limits (53, 5@. 

Hood and Comar (55) reported retention half-times for cows 
(~20 days) which were considerably shorter than those observed 
for man. Their data indicate ruminants have an unusually high 
fecal excretion rate compared to single-stomach species and 
lactating cows lose sizeable quantities in milk (~12 per cent 
in 30 days). In the absence of specific data, there is no 
choice but to assume that cesium and potassium would act similarly 
in ruminants and that the discrimination factor for cesium with 
respect to potassium in going from diet-to-tissues of domestic 
animals would be comparable to that for other species. 

Cesium, like potassium, is retained principally in muscle. 
Rats sacrificed 5 to 20 days after oral administration of cesiunm- 
134 had 80 per cent of their total body burden in the muscle 


mass (52). Apparently about 80 per cent of the body burden is 
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Confined to the muscle mass in cattle, sheep, swine (55 and 
man (52) also. Concentration of radiocesium in the gonads of 
rats two days after administration was about 70 per cent of 
that in muscle, and its rate of elimination from reproductive 
tissues was faster than from muscle. 

Cesium-137 Levels in People.--The cesium-137 level in the 
United States population has been studied at the Los Alamos 
Scientific Laboratory since the spring of 1956 and at the Walter 
Reed Army Institute of Research since 1958. The method used 
is in vivo whole-body counting in a 41 liquid scintillation counter, 
Discriminator settings enable simultaneous determination of cesiun- 
137 and potassium-40, and consequently the determination of the 
total body cesium-137 to potassium ratio. In 1956, 196 determina- 
tions were made on people from 27 states and during 1957, 311 de- 
terminations were run on people from 30 states. During 1958, a 
total of 793 persons from 34 states were measured at LASL (48) 
and 656 at WRAIR (56). Some foreign data were obtained through 
measurement of 132 persons at WRAIR and 33 at LASL, who were re- 
cently arrived in the United States from abroad. Summaries of 
data of previous years have been published (45, 46, 47). Table 17 
recapitulates results previous to 1958. The average cesium-137 
to potassium ratio in the United States population was 41 ppc per 
gram during 1956 and 44 pyc per gram in 1957. The average during 


1958 was 56 pyc per gram. There appeared to be no striking 








sr 


unter, 


sium- 


ina- 


de- 


th 


Peo= 


le 17 


37 


ring 


FALLOUT FROM NUCLEAR WEAPONS TESTS 1137 


Table 17. Cesium-137 Levels in People (Prior to 1958) 








Number of Cesium-137 

Year Region Subjects (upc/g K) Reference 
1955 USA (Chicago) 12 10 (51) 
1956 USA 196 41 (46) 
1956 USA (Chicago) 12 35 (57) 
1957 USA 311 44 (47) 
1957 USA (Chicago) 13 35 (57) 
1957- 

1958 USA (Utah) 42 66 (58) 
1956 England 2 35 (51) 
1956- 

1957 England 16 34 (59) 
1957 England 2 50 (45) 
cone” Europe 3 31 (51) 
1957 Europe 5 55 (45) 
1956 Asia 5 17 (51) 
1957 Asia 3 33 (45) 
1957 South America 11 15 (51) 





difference between the 1956 and 1957 averages. However, there 


was a significant increase in the 1958 levels. The 1959 data 


(to April 1) indicate little if any change (53 puuc per gram 


potassium on 63 subjects from 15 states). The frequency 
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distribution curves for each of the four years appears normal, 
with a standard deviation of 36 per cent. The 1957 cesium-137 
data for the United States population as a function of geographic 
location are shown in Fig. 11. The pattern is similar to that 
observed for milk but with a smaller range, which is in keeping 
with expectations because of the rather wide food distribution 
system in the United States. The correlation of 1957 cesium- 
137 data for people with that for milk was shown earlier in 
Fig. 10, and a positive correlation is definitely indicated. 
This also may be expected since milk is unique in its localized 
consumption. 

A similar comparison of different areas in the United States 
is possible using the 1958 data in Table 18. Because of larger 
areas over which the data are averaged, the range is further 
reduced. The WRAIR results are about 20 per cent higher than 
those reported by LASL. This is probably due to calibration 
differences and will be easily resolved by intercalibration of 
the two counters with suitable standards. The possibility of a 
systematic or absolute error is not eliminated by this procedure. 
A suggestion of a systematic difference between the crystal 
spectrometer and the liquid scintillator results appears in 
Table 17, by comparing the LASL and ANL results. 

Data for persons outside the United States are to be found 


in both Tables 17 and 18. The problem of representative sampling 


is much greater in this case, since persons traveling to the 
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Table 18. Cesium-137 Levels in People (1958-1959) 








Number of 
Region Measurements 
United States: 
Southwest 658 
72 
Northwest 18 
13 
Midwest and 12 
Northeast 107 
529 
Southeast 10 
42 
All United States 793 
656 
Foreign Countries: 

Europe 23 
65 
Middle East 1 
3 
Far East 3 
43 
Australia 2 
1 
South Africa 2 
Central America 5 
South America 7 
Canada 2 
8 





Cesium-137 
(uuc/g K) 


48 
63 


59 
59 


48 
57 
70 


63 
73 


56 
68 


LASL 
WRAIR 


LASL 
WRAIR 


ANL 
LASL 
WRAIR 


LASL 
WRAIR 


LASL 
WRAIR 


LASL 
WRAIR 


LASL 
WRAIR 


LASL 
WRAIR 


LASL 
WRAIR 


LASL 
WRAIR 
WRAIR 


LASL 
WRAIR 


Source Reference 


(48) 
(56) 


(48) 
(56) 


(57) 


(56) 


(48) 
(56) 


(48) 
(56) 


(48) 
(56) 


(48) 
(56) 


(48) 
(56) 


(48) 
(56) 


(48) 
(56) 
(56) 


(48) 
(56) 
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United States probably do not represent true averages for their 
countries in terms of dietary habits. In view of this difficulty 
and the small numbers of persons measured, one can conclude only 
that no great differences have been demonstrated in the northern 
hemisphere. Southern hemisphere subjects appear to be somewhat 
lower, as pointed out by Miller and Marinelli (51) on the basis 
of their 1957 measurements. Unweighted averages of the data 
given in Table 18 show 59 ypuc cesium-137 per gram potassium for 


165 foreign subjects, compared to a value of 60 for the United 


States population. 


BIOLOGICALLY SIGNIFICANT RADIATION DOSES FROM 
STRONTIUM-90 AND CESIUM-137 BIOSPHERIC CONTAMINATION 


Strontium-90 and cesium-137 biospheric contamination levels 
from nuclear weapons tests to date have been estimated in the 
previous sections. From these estimates it is possible, on the 
basis of several assumptions, to calculate average biologically 
significant radiation doses to the population. 

Strontium-90 is a potential somatic hazard and, since it con- 
centrates in bone and emits only beta rays, the biologically 
significant exposures will be the 70-year integrated radiation doses 
to the bone and bone marrow from material fixed in the skeleton. 

The hazards to the world population from bone and bone marrow ex- 


posure are possible increases in the incidence of bone sarcoma 


and leukemia, respectively. 
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Cesium-137, however, emits gamma radiation and, when in- 
gested, is absorbed and deposited predominantly in muscle. It 
contributes, therefore, to radiation exposure both internally 
and externally. Although it will contribute also to the bone 
and bone marrow exposure, the 30-year integrated dose to the 
gonads is considered, for genetic reasons, biologically more 


significant. 
Radiation Exposure from Strontium-90 


Homogeneously distributed, 1 pyc of strontium-90 per gram 
bone calcium delivers a radiation dose rate to the bone of approxi- 
mately 2.9 mrads per year. The dose rate to the marrow has been 
estimated as about 1 mrad per year per pyc, or about one-third of 


that to the bone (2). From the equilibrium bone levels given in 


Table 13, it is possible to estimate the average maximum strontiun- 


90 70-year bone and bone marrow doses to be sustained by the 
generation being born at the present time. The 70-year integrated 
dose to the bone will be about 96 per cent of that calculated for 
a constant strontium-90 bone concentration equal to the average 
equilibrium level as of October 1958. The 70-year marrow dose 
will be about one-third of the dose to the bone. 

These estimates (given in Table 19) are predicated on the 
assumptions of no more weapons tests and that the level of 


strontium-90 in the diet will be proportional to the integrated 
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Table 19. Average Maximum Strontium-90 70-Year Bone and Bone 
Marrow Doses from Weapons Tests to Date 





70-Year Dose (mrads) * 








Region or Population Bone Bone Marrow 
USA 740 250 
Western Population 610 200 
20°N - 60°N Latitude** 980 330 
Far Eastern Population 1220 410 
Weighted World Average** 850 290 





* 
Assuming no more weapons tests. 


"Weighted for population and diet. 


soil levels. The approximations are maximized, since they do not 
take into account the change in rate of skeletal growth with age 

but assume that all bone calcium is in equilibrium with the level 

of biospheric contamination at all times. The world average natural 
background radiation dose rate to the skeleton is estimated at 

134 mrem per year (60), and the dose rate to the bone marrow at 
about 100 (2). In round numbers, the 70-year average bone and 

bone marrow doses from natural background are equivalent to about 


10,000 and 7,000 mrads, respectively, of hard beta or gamma radia- 


tion. 
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The data in Table 19 suggest that the population-weighted 
world average 70-year bone dose from strontium-90 (assuming no 
more weapons tests) may approach a maximum that is about 8.5 per 
cent of the natural background dose. Far Eastern populations 
may approach 12 per cent of natural background. The population- 
weighted world average 70-year bone marrow dose may approach a 
maximum that is about 4 per cent of that from natural sources. 
The average maximum 70-year bone and bone marrow doses in the 
US population may approach 7.5 and 3.5 per cent, respectively, of 
that from natural background. If the past 5-year weapons test 
pattern is repeated in the next 5 years, the values in Table 19 
will be increased by a factor of about 1.8. Repetition of the 
past 5-year pattern indefinitely will result in an equilibrium 
between biospheric contamination and the testing rate. At 
equilibrium, the bone and bone marrow doses will be about 8 times 


those estimated from weapons tests to date. 
Radiation Exposure from Cesium-137 


The external gamma radiation dose rate from cesium-137 sur- 


face deposition may be estimated from the following expression: 
-2 
mr per year = 5 x 10 zx¢ =e 


where C is the cesium-137 deposition level in ac/ni”, and E is the 


gamma-ray energy (0.66 Mev). This expression gives the dose rate 
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at about 3 feet above an infinite plane surface in the open. It 
does not allow for the effect of shielding from buildings during 
time spent in-doors or removal of the cesium-137 from the surface 
by leaching into the soil, weathering, or run-off. It is vir- 
tually impossible to consider all parameters involved in making 

a realistic estimate of an average external population dose from 
cesium-137 surface deposition. If, however, the shielding, leach- 
ing, and weathering factor of 1/10th (2) is used, the above ex- 
pression and the soil deposition data in Table 6 and Fig. 3 can 
be used to give a crude estimate of the average external 30-year 
genetic and 70-year bone marrow doses to be sustained by the next 
generation as a result of weapons tests to date (Table 20). 

Table 20. Predicted Average External Cesium-137 30-Year Genetic 


and 70-Year Bone Marrow Doses to the Next Generation 
as a Result of Weapons Tests to Date 





mrads 
Region 30-Year 70-Year 
USA 10 16 
20°N - 60°N Latitude 8 13 
Rest of World 2 3 
World Average* 8 12 


* 
Population-weighted but not weighted for dietary differences 
between Far Eastern and Western cultures. 
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The genetically significant dose was assumed to be approxi- 
mately 53 per cent of the infinite dose at the time of maximum 
fallout. The bone marrow dose was assumed to be 83 per cent of 
the infinite dose. It should be pointed out that these data apply 
only to the external exposure from cesium-137 and do not take into 
consideration external dose from shorter lived fission products 
in fallout. If weapons tests stop, the shorter lived isotopes 
may increase the external dose by 10 to 50 per cent. In view of 
the shorter fallout mean-time for fission debris from USSR tects, 
continuation of testing may result in larger external doses from 
short-lived activities than from cesium-137. 

The internal radiation dose rate from present and future 
levels of cesium-137 in people may be estimated from the follow- 
ing expression derived from the Recommendations of the International 


Commission on Radiological Protection (61): 


1.86 x 10’ f, SE(RBE)N q . 


R = = 1.57 x 10 q 





in which R is the dose rate in mrem per year, q is the cesium-137 
body burden in uc, m is the weight of the critical organ (in this 
case, 7 x 104 grams), fo is the fraction of the total body burden 
that is in the critical organ (1.0), and SE(RBE)N is an average 


energy term weighted for the relative biological effectiveness and 


absorption of the radiation (0.59). 
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The measured average cesium-137 level in the US population 
during 1958 was about 60 pyc per gram potassium, and the adult 
human body contains 140 grams of potassium, giving a cesium- 

137 total body burden of about 0.008 uc. From the above formula, 
this corresponds to a radiation dose rate of about 1.3 mrads per 
year at a time when the integrated cesium-137 surface deposition 
level in the US averaged about 90 uc/ai* - This corresponds to 
an internal dose rate of 0.014 mrad per year per ac/ai’ . 

Assuming the worst possible condition, that is that body 
burden is proportional to integrated surface deposition level, 
the average maximum 30-year genetic and 70-year bone marrow 
doses from internally-deposited cesium-137 (to be experienced 
by the next generation) can be predicted from the surface deposi- 
tion levels given in Table 6. Such estimates are given in 
Table 21. The method of estimation is the same as that used for 
external cesium-137 doses, assuming the doses to the gonads and 
bone marrow are the same as that to the total body. 

If, however, the cesium-137 body levels are proportional to 
the rate of stratospheric fallout and not to the integrated de- 
position levels, they will start dropping immediately with a half- 
time of about 2 years, and the respective integrated genetic and 
bone marrow doses to the present and next generation will be only 
about 10 and 5 per cent of those given in Table 21. It is not 


possible at present to determine which of the two conditions is 


more nearly correct. 
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Table 21. Predicted Average Internal Cesium-137 30-Year Genetic 
and 70-Year Bone Marrow Doses to the Next Generation 
as a Result of Weapons Tests to Date* 


mrads 
30-Year 70-Year 


USA 43 65 
20°N - 60°N Latitude 35 53 
Rest of World 8 12 


World Average** 30 45 


* 
Assuming cesium-137 body burden will be proportional to in- 
tegrated surface deposition levels. 


we 
Population-weighted but not diet-weighted. 


Although biospheric contamination was increased about 80 per 
cent in 1958, the integrated internal doses from cesium-137 are 
essentially the same as those given in an earlier paper (45), 
assuming tests stopped in 1957. This apparent discrepancy results 
from use (in the present report) of the latest estimates of strat- 


ospheric content and fallout mean-time. 
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POTENTIAL HAZARDS OF PRESENT STRONTIUM-90 AND CESIUM-137 
BIOSPHERIC CONTAMINATION LEVELS TO WORLD HEALTH 


A summary of the predicted population-weighted world average 
genetic, bone, and bone marrow doses as a result of strontium-90 
and cesium-137 biospheric contamination from weapons tests to 
date is given in Table 22. The data, based on entry of both long- 
lived nuclides into man's food chain in accordance with integrated 
surface deposition levels, probably represents maximum potential 
exposure of the next generation. Under this condition, the 
genetically significant dose is about 1.3 per cent of the average 
natural background dose. The potential bone and bone marrow 
doses are about 9 and 5 per cent, respectively, of those from 
natural background. 

Genetic response to radiation is generally believed to be 
linear with dose and, when delivered at conventional rates, 30 to 
50 r is believed to be the dose required to double the natural 
mutation frequency (62, 63). The fraction of the natural fre- 
quency that results from background radiation is not known. Since 
the 1957 Hearings, the most outstanding results regarding the potential 
genetic effects of background and fallout radiation are those reported 


by Russell (64), who found that mutation frequency in spermatogonia 


and oocytes of mice was influenced by dose rate. From this extremely 


important discovery, it may be concluded that the 30-year dose from 


background and from fallout may have considerably less genetic 
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consequences than had been predicted previously. Although bi- 
ospheric contamination was essentially doubled in 1958, it is 
possible, in view of these new observations, that the potential 
genetic risk from tests to date is only about one-half that 
predicted at the first Hearings for weapons tests to mid-1957. 

The discovery that mutation frequency is dose-rate dependent, 
however, does not invalidate the linear hypothesis, and it 

cannot be assumed from present knowledge that further lowering 

of the dose rate will result in still less potential genetic risk. 


In any event, the predicted dose rate and the integrated 


30-year gonadal dose from present levels of biospheric contamina- 


tion are between 1 and 2 per cent of that from natural background, 
and it may be concluded that the potential genetic risk to the 
world population from weapons tests to date will not be more than 
1 to 2 per cent of the unavoidable risk from natural sources of 
radiation. 

Estimation of the potential somatic consequences of biospheric 
contamination from weapons testing is even more difficult and un- 
certain than the estimation of genetic effects. The absolute 
somatic hazards imposed on the world population by the bone and 
bone marrow doses estimated in Table 22 are critically dependent 
on the shape of the dose-response curves for leukemia and bone 
sarcoma and, as with mutation frequency, the extent to which they 


are dose-rate dependent. If somatic response shows a curvilinear 
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relationship with dose, a factor (or factors) other than 70-year 
integrated exposure must be important, and biological effect 

may drop to insignificant levels at very low doses and dose rates. 
Although the existence of an absolute threshold may never be 
proved empirically (65), the existence of a practical one may 

be inferred from a curvilinear dose-response relationship. If, 
however, the linear proportionate hypothesis is accepted, any 
amount of radiation (no matter how small) carries a finite prob- 
ability of damage. In this case, a fraction of the natural popula- 
tion incidence of all radiation-induced somatic diseases must be 
attributed to natural background. 

Lewis (66) and Court-Brown and Doll (67) have advanced the 
hypothesis that leukemogenic response of man to radiation is 
linear with dose. Lewis' conclusions were based largely on reports 
of leukemia incidence in the Japanese following the bombings of 
Hiroshima and Nagasaki, and Court-Brown and Doll's were based on 
studies of leukemia incidence in several hundred cases of X-ray 
treated ankylosing spondylitis. The latter authors suggested 
that a radiation dose of 30 to 50 r to the red bone marrow may 
double the leukemia rate and that the probability of developing 


~6 ana 2 x 107° per year per r of ex- 


leukemia lies between 1 x 10 
posure. 
The linear hypothesis of somatic radiation damage has been 


questioned recently by Mole (65, 68), Brues (69), and Finkel (70). 





by 
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Mole pointed out the possible presence of a systematic error (the 
size of which becomes greater with increasing dose) in the mean 
population dose estimates to the Japanese which, if corrected, 
makes the dose-response relationship more likely curvilinear. 
Court-Brown himself (71), Brues, and Mole have pointed out that 
the data from the spondylitic cases are compatible with a marked 
curvilinear relationship, if unselected for those cases receiving 
spinal irradiation only. 

Mole (68) has reported preliminary data which suggest also 
that radiation induction of leukemia in mice may be dose-rate 
dependent, and pointed out that the applicability of the data 
collected from the Japanese survivors and the spondylitic patients 
(in which the dose rates were of the order of a million times 
greater than that from fallout) to the prediction of the potential 
leukemia hazard from slightly increased background depends ‘on 
whether dose rate is a relevant parameter. Brues (72) has 
especially made a point of the fact that the linear proportionate 
hypothesis for radiation-induced cancer requires a simple cause- 
effect (point mutation, single hit) relationship. Such a simple 
explanation of cancer production is incompatible with current 
theories and a vast amount of experimental evidence reported by 
specialists in cancer research during the past several years. For 
more detailed discussions of the potential somatic hazards of world- 


wide fallout, see the testimonies given during the present Hearings 


by Brues (72), Law (73), and Schubert (74). 
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It is not possible at present to estimate the increased 
number of cases of leukemia and bone cancer that may be expected 
from weapons tests to date. If indeed a fraction of the normal 
incidence of these diseases in the world population is caused 
from natural background radiation, it is possible to say from 
the data in Table 22 that weapons tests to date may increase 
their incidence by 5 to 10 per cent of that due to the un- 


avoidable average natural radiation level. 
SUMMARY 


1. Nuclear weapons tests through 1958 have produced between 
9 and 10 MC of strontium-90 and between 16 and 17 MC of cesium- 
137. Of the total production, about one-third had been deposited 
as long-range fallout, about one-third was still in the strat- 
ospheric reservoir, and about one-third had been deposited locally 
(where it does not contribute to generalized biospheric contamina- 
tion) as of November 1958. 

2. The mean-time of stratospheric fallout of debris injected 
in the mid-latitudes is now believed to be about 3 years. Material 
injected at temperate and polar latitudes (as with the USSR tests) 
may have a fallout mean-time of a year or less. 

3. Because of the location of major test sites, long-range 
strontium-90 and cesium-137 fallout has been and is being pre- 


ferentially distributed in the north temperate latitudes, where 
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about 80 per cent of the world population lives. Present and pre- 
dicted average levels of deposition in the area between 20°N - 60°N 
latitude from tests to date are between 2 and 2.5 times the world 
average. Maximum deposition in this area will occur in 1962-1965, 
at which time the strontium-90 level may average about 64 me /mi* 
and the cesium-137 level about 115 mc/mi 2. The respective average 
levels in the United States may be about 80 and 140 mc/mi 2. 

4. If the past 5-year test pattern is repeated exactly 
during the next 5 years, the potential strontium-90 and cesium- 
137 biospheric contamination levels (including the levels in man 
and his diet) may be increased by a factor of approximately 1.8. 
If the pattern is repeated every 5 years for the next 40 years, 
an equilibrium level of biospheric contamination will be approached 
that will be about 8 times the level predicted from weapons tests 
to date. 
5S. Analyses of milk and other foods suggest that hot spots 
and other factors may result in strontium-90 and cesium-137 con- 
centrations in principal foodstuffs from localized areas that are 
3 to 5 times the average for large general and latitudinal areas. 
6. Based on analyses of human bone samples to date, the pre- 
dicted average strontium-90 equilibrium level (from weapons tests 
to date) in the bones of the world population, weighted for dietary 
factors and population distribution, may approach 7 ppc per gram 


calcium. This value is approximately 10 per cent of the level 
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suggested as a maximum for the general population by the Inter- 
national Commission on Radiological Protection. The actual bone 
data suggest a log-normal distribution with a few values that 
are 5 to 10 times the mean. Inherent in the data, however, are 
problems of distribution, sampling, and analytical errors, which 
tend to increase the variability of the observed results. For 
practical considerations of the potential hazard of strontium-90 
bone deposition to world health, the assumption of a spread of 

5 times the mean with an upper limit of 10 would seem to be 
realistic. 

7. The 1958 average cesium-137 level in people living between 
20°N - 60°N latitude (constituting about 80 per cent of the world 
population) was about 60 pyc per gram potassium, or a total of 
about 0.008 uc in the adult male. Assuming cesium-137 in people 
will increase in proportion to the integrated surface deposition, 
the cesium-137 level in the north temperate population from 
weapons tests to date may reach a maximum of about 100 pyc per 
gram potassium in 1962-1965. It is not possible at the present 
time, however, to decide whether cesium-137 body burden is directly 
proportional to integrated deposition level or to rate of strat- 
ospheric fallout. In the latter case, the cesium-137 levels in 
people will start dropping immediately with a half-time of approxi- 


mately 2 years, if weapons testing is not resumed. 
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8. The 70-year population-weighted world average strontium- 
90 plus cesium-137 bone and bone marrow doses to be incurred by 
the next generation as a result of weapons tests to date may 
approach levels that are 10 and 5 per cent, respectively, of 


those received from average natural background radiation. 


9. The population-weighted world average 30-year genetic 


dose from both internally and externally deposited cesium-137 
as a result of weapons tests to date may be between 1 and 2 per 
cent of the dose from average natural background. 

10. Estimation of the potential genetic and somatic con- 
sequences of these levels of exposure of the world population 
cannot be made with any reasonable degree of certainty. The 
recent discovery that mutation frequency is affected by dose 
rate suggests that the genetic consequences of fallout and back- 
ground radiation exposure may be considerably less than previously 
supposed. It can be said, however, that the number of genetic 
abnormalities from weapons tests to date will not be more than 
1 to 2 per cent of those produced by the unavoidable average 
natural background exposure. The question of whether such somatic 
radiation diseases as bone cancer and leukemia show a linear or 
curvilinear relationship to radiation dose is still unanswered, 
as well as the question of their dose-rate dependency. It is not 


possible, therefore, to convert the predicted strontium-90 plus 
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cesium-137 bone and bone marrow doses into the number of tumors, 


cases of leukemia, etc., that will result from past and future 

weapons tests. It is possible only to say that if a fraction of 
the natural incidence of these diseases in the world population 
indeed is caused by natural background radiation, weapons tests 
to date may increase their incidence by 5 to 10 per cent of that 


due to the unavoidable average natural radiation level. 
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Statement by: Arthur R. Schulert, Research Associate, Lamont Geological 
Observatory, Columbia University, Palisades, New York 





SUMMARY 


This report deals with the principal work conducted on strontium -90 
from nuclear fallout at the Lamont Geological Observatory since the previous 
hearings in 1957, A separate report dealing with the carbon-14 aspects of 
the problem is being submitted by Professor Wallace Broecker of our 
laboratory. Four documents are attached as follows: 


1. Reprint of paper entitled 'Strontium-90 in Man, II', Walter R. 
Eckelmann, J. Laurence Kulp, Arthur R. Schulert: Science 127, 
266-274 (1958) 


2. Reprint of article ‘Comparative Metabolism of Strontium and 
Caicium in Man', Arthur R, Schulert, Edwin A. Peets, Daniel Laszlo, 
Herta Spencer, Martin Charles and Joseph Samachson: International 
Journal Applied Radiation and Isotopes 4, 144-153 (1959) 


3. Manuscript of a paper scheduled for appearance in the June 1959 
issue of Health Physics entitled ‘Strontium-90 Distribution in the 
Human Skeleton', Arthur R. Schuler:t, E.J. Hodges, E.S, Lenhoff 
and J.L. Kulp 


4. Summary of a paper presented at the 135th meeting of the American 
Chemical Society, Boston, Massachusetts, April 7, 1959, entitled 
‘Comparative Hazards of Radioisotopes in Nuclear Fallout’, 

Arthur R. Schulert 


A fifth document entitled 'Strontium-90 in Man, III', J, Laurence Kulp, 
Arthur R. Schulert, Elizabeth J. Hodges, will appear in this week's 
issue of Science, May 8, 1959, Copies of this issue will be available 
during the Hearings. 
A sixth relevant document is 'Current Strontium-90 Level in Diet 
in United States', J, Laurence Kulp and Rieta Slakter: Science 128 
85-86 (1958). Reprints of this article have been exhausted. 
I Review of Principal Findings 

A. Bone Concentrations. 

1, Data are now in hand so that the annual increase in strontium -90 


in human bone over the past few years is well defined. The highest 


values are found in the 0 - 4 year age group (which incidentally are 


the most difficult samples to obtain). The average concentration 
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in 1957-58 in the bones of these young children living in North 
America was 1,38 S.U,. (micromicrocuries Sr? jgram Ca), 
compared to 0.56 for 1955-56, The comparative adult values 
were 0.19 and 0,07 S.U. respectively, 

It is noted that the 1957-58 concentration in young children 
exceeds that in adults by a factor of seven. 

Whole body analysis of New York City adults from 1953 to 
1$57 show approyvimaiely a 50% increase in stroatium-90 per year. 
These are the t<ut semples from an analytica! point of view 
because (a) their large size affords highest analytical precision, 
(b} being total boly ach, the intraskeletal variations (which give 
higher error to the incividual bone analyses) are avoided, 

The higher concentrations are found in the Far East, with 
Thailand at 0,36 being the highest, this value for adults is 90% 
above that of North America average. Analytical data on children 
from Thailand is lacking, but it would be presumed they would now 
have an average value of about 2.6, 

It is predicted that on the basis of tests to date, the peak level 
in young children will occur in 1966 at which time the average 
child will have 4S.U, strontium-90. It is concluded from an 
evaluation of the adult data from 1956 through 1958 that approxi- 
mately 10% of the population have concentrations twice the mean, 
1% five times the mean, and none exceeding twenty times the mean. 


If testing continues at a rate such that 10 millicuries of 


strontium -90 per square mile are deposited (this corresponds to 








B. 
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the amount deposited in northeastern United States in 1956-57), 
the average bone level of population will ultimately equilibrate at 
21S.U,. 
Intraskeletal Variation 
1, Further investigation of strontium-90 in the adult skeleton is 
nonuniform, with vertebrae being 1.8 times body average, rib 
being 1,1 times body average and long bone shaft being one-half 
body average. 
2. The concentration of joint areas in adults is generally higher 
than in shaft areas. 
3. This is a temporai situation which will disappear in time were 
the diet kept constant as evidenced by the fact that stable strontium 
is uniformly distributed throughout the skeleton. 
4. , The distribution of strontium-90 in young children appears to 
be uniform, 
Sr?° in Food 
1, The average dietary level of strontium-90 in the United States 
in the fall of 1957 was approximately 6,5S,U. This is based on 
values of 6, 10, and 15 S,U. for milk, vegetables and cereals 
respectively, 
2. It is predicted on the basis of tests to date that the concentra- 
tions wili rise to a peak value of 16 in 1966. 
3. Analyses have just been completed on a large number of 
native foods from South America. The Sr?° concentration is 
generally a factor of 2 - 4 lower than U.S. foods. 


4, The foods from South America show wide variation reflecting 


large differences in rainfall and soil calcium. Some foods from 
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high rainfall areas exceed 100 S,U, 

D. Mechanism 
1. It is concluded that the discrimination factor against strontium 
relative to calcium in going from diet to human bone is 4 on the 
average. This value best fits the present strontium-90 data in 
food and bone, It is substantiated by radiotracer studies in man 
(document 2), It is also the conclusion of Bryant et al, on the 
basis of stable strontium assay of diet and human bone (British 
Medical Journal 1, 1371 (1958). 
2. Uptake of strontiurn-90 into the plant from the environment 
is presumed to be primarily through the soil, This conclusion 
is arrived at indirectly on the basis of the fact that strontium-90 
is increasing and nearly somewhat in proportion to total fallout 
in contrast to cesium-137 which has not markedly increased in 
the past two years, 


Both of these problems require further investigation. 


II Present Research Emphasis 

Increased emphasis at the present time is being placed on the assay 
of young children and on a broader, systematic coverage of dietary food- 
stuffs, 

The young children are of chief interest, not only because they 
have the highest values but because they are probably more susceptible 
to radiation damage than adults. Highest concentrations at the present 
time are in the one to two-year old group. These samples are very 
difficult to obtain in quantity. We are, therefore, making a great effort 


to obtain a substantial number of stillbirths which are more readily 
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available, Adult samples are still useful in determining trends in time, 
but they are no longer analyzed individually except in places where high 
activity is found or expected such as Thailand and North Dakota. 


Domestic and imported foods are being investigated in cooperation 


with the Food and Drug Administration and consist of two aspects. Through 


their network of local offices, representative samples of primary 
non-dairy foodstuffs are obtained in the key production areas for analysis. 
These samples give the best average dietary level. We are also seeking 
foods particularly high in strontiurn-90, The FDA does a refined gross 
beta count on a large number of samples which can give a very rough 
index of strontium-90 activity. Samples which appear "hot" on this 

basis are then sent to us for strontium-90 assay. 

Studies of strontium-90 in milk from both United States and 
foreign locations are continuing. An important phase of this work which 
I feel should be expanded is the correlation of strontium-90 with cesium -137 
concentrations, This is important since the y-emitting cesium-137 can 
be assayed very quickly. Therefore if this can give even a rough index 
to the strontium-90 content, it would be a tremendous aid to large-scale 
monitoring. The findings of this study are included in a report by the 
Los Alamos group. 

Dietary content of strontium-90 in particular foreign areas is 
being investigated in cooperation with the Interdepartmental Committee 
on Nutrition for National Defense of the National Institutes of Health. 
They obtain representative diets for their nutritional studies and we 
analyze these diets for strontiun-90, Samples from Peru are currently 


under investigation; a study of Thailand is projected for this fall which 
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will be of extreme interest since as previously noted, Thailand gives 
the highest average strontium-90 concentration in adult human bone. 

Metabolic studies on strontium and calcium are continuing in 
cooperation with Montefiore Hospital. The distribution of strontium -90 
now naturally present in the diet is under current investigation. Balance 
studies on human subjects are being conducted in which all input and 
output of strontium-90 is measured and the effect of dietary and thera- 


peutic variations is noted. 


Ill Areas Which Should Be Investigated 
1, The key uncertainty in predicting future levels of strontium-90 
and cesium-137 from a given amount of fallout debris in the environment 
revolves around the question of foliar uptake versus soil uptake of these 
isotopes by plants. If the isotopes enter the plant »rimarily through 
the soil, they then remain available to the plant throughout their 
period of radioactive decay (except for soil fixation and migration, 
which is probably not a major factor). On the other hand, if entry is 
primarily through the leaf, once the isotopes reach the soil they are 
largely out of the plart growth cycle and thus no longer an ingestion 
hazard. No doubt both routes of entry exist to some degree, However, 
since in one case the isotopes would be available throughout their 
40 year average life whereas in the other case they would be available 
merely through one growing season, we are dealing with the maximum 


uncertainty factor of 40. 


2. Quick approximate methods for the estimation of strontium-90 in 


foodstuffs should be devised, The correlation of cesium-137 with 
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strontium-90 is a start in this direction. £&.C. Anderson of Los 
flamos has proposed such a quick gamma counter in which five energy 
peaks would be determined in the sample. It appears probable that the 
relationships between strontium -90 concentration and these gamma 


peaks could be determined for human foodstuffs in given areas such 


that strontium -90 could be estimated to perhaps 20 - 40% precision, 


Such a system is essential to large scale monitoring of foodstuffs and 
the availability of such a quick monitoring system could assume very 
critica! proportions in the event of widespread nuclear debris. 

3. Short term isotopes such as strontium-29 shouid be investigated, 
particularly in regard to their possible dominant radiation effect on 
the growing fetus during periods of bomb testing. 

4. Plutonium -239 present in the debris should be investigated as 
potential long range inhaiation hazard. Although it is a relatively 
minor hazard at present, its relative importance in time will con- 
tinually increase because of its very long half and biological residence 


time, 
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The continuation of nuclear tests 
makes a thorough understanding of the 
movement and uptake of strontium-90 a 
necessity while the levels in man and his 
environment are still relatively small 
compared with natural background radi- 
ation. In a previous publication (J) the 
first data on a world-wide analysis of 
strontium-90 in human tissue were pre- 
sented. The study of the geochemical 
distribution of strontium-90, of its trans- 
fer through the food chain, and of its 
variation in human populations has con- 
tinued (2). This article (3) summarizes 
over a thousand analyses of human bone 
and interprets these data in terms of 
present concentrations of strontium-90 in 
the various critical phases of the geo- 
sphere and biosphere. The new data per- 
mit a closer definition of the average 
concentration of strontium-90 in a large 
part of the human race, the geograph- 
ical and dietary variation, the increase 
in the concentration with time, and the 
distribution in urban populations. From 
the existing data, an attempt is made to 
predict future levels under specified con- 
ditions. 


Experimental Data 


The methods employed for the radio- 
chemical separation of strontium-90 from 
human bone and the low-level radiom- 
etry have been described in detail else- 
where (4). The vegetable samples are 
treated in essentially the same way after 
dry ashing, although a strontium-85 spike 
is introduced in each sample for yield 


Dr. Kulp and Dr. Schulert are on the staff of 
the Lamont Geological Observatory (Columbia 
University), Palisades, N.Y. Dr. Eckelmann, for- 
merly a member of the staff of the Lamont Ge- 
ological Observatory, is now at the Carter Re- 
search Laboratories, Tulsa, Okla. 
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Strontium-90 in Man, II 


Walter R. Eckelmann, J. Laurence Kulp, Arthur R. Schulert 


determination because of the variable 
character of the material. The bone as- 
says were done at the Lamont Geolog- 
ical Observatory and at two commer- 
cial laboratories: Isotopes Incorporated, 
Westwood, New Jersey, and Nuclear Sci- 
ence and Engineering Corporation, Pitts- 
burgh, Pennsylvania. Frequent intercali- 
brations assured reliability of the results 
from the different laboratories. 

Autopsy samples of human bone are 
now being received from about 30 sta- 
tions in a world-wide network (5). Dur- 
ing this period of the investigation an 
attempt was made to obtain samples that 
were equally distributed with regard to 
the age of the individual at death. An 
attempt was also made to obtain maxi- 
mum spread in geographic and dietary 
setting, but the restriction in the location 
of medical centers has limited the sam- 
ples largely to urban populations. 

The results reported in this article in- 
clude those given in the previous report 
with the exception of samples which con- 
tained less than 1.0 gram of calcium. 
Very smali samples are subject to large 
statistical errors and are more sensitive 
to slight contamination. The elimination 
of such samples at an arbitrary calcium 
level does not cause preferential selec- 
tion of the data, reduces the number of 
samples by less than 5 percent, and does 
not seriously affect the final averages. 
Currently, only samples containing more 
than 1.0 gram of calcium are assayed for 
strontium-90. Also omitted are data re- 
ported in the previous article for the 
49-year-old Vancouver (British Colum- 
bia) female (died October 1955; 8.3 
micromicrocuries of strontium-90 per 
gram of calcium) and for the 34-year- 
old Japanese man (died June 1955; 4.05 
micromicrocuries of strontium-90 per 
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gram of calcium). Each of these two 
results is greater than the mean value 
for adults in 1955 by a factor of 50 to 
100 and larger than the next nearest 
adult value by a factor of 5 to 10. They 
may be real but rare high values. On the 
other hand, there are cogent reasons for 
rejecting them as artifacts: (i) Clinical 


data indicate that the individuals were. 


city dwellers. Data on urban foods make 
it extremely unlikely that these adults 
had a sustained diet of 100 times the 
average strontium-90 concentration. (ii) 
These samples now lie about 100 stand- 
ard deviations from the mean (see dis- 
cussion later in this article on the distri- 
bution curve). (iii) These were among 
the first few batches of samples analyzed 
commercially. (iv) When the medical 
history of the Vancouver patient was 
checked, it was found that she had car- 
ried a radium seed. Although this last 
finding should not affect the strontium-90 
analysis if the analysis is properly done, 
it presents a possible explanation of the 
high value, particularly since the analy- 
sis was made in the early phase of the 
work. Even if these two anomalous sam- 
ples were included, this would not affect 
any of the conclusions which are drawn 
from the regional averages. 

All results are reported in micromicro- 
curies of strontium-90 per gram of cal- 
cium. Samples which were reported by 
the analysts as “equal to or less than” a 
certain number are assumed to have that 
value (that is, “=0.02” is taken as 
0.02) in computing the averages. There- 
fore, the reported averages are maximal. 
If all such samples are eliminated it 
would change the general averages by 
less than 10 percent but would reduce 
the total number of samples by about 
one-quarter. 

These measurements have been made 
in an attempt to determine the average 
concentration of strontium-90 in the 
whole skeleton of a man. In the world- 
wide sampling, however, only a single 
bone is obtained, generally either ver- 
tebrae, rib, or femur shaft. Although 
stable-strontium/stable-calcium ratios are 
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essentially constant among the bones of 
the skeleton, experiments conducted by 
Schulert and Laszlo (6), in which single 
intravenous doses of calcium-45 and 
strontium-85 were given to ten patients, 
followed by analyses at death (1 to 125 
days after administration), show large 
but consistent differences in the amount 
of strontium-85 per gram of calcium. 
The stable element result reflects long- 
term continuous ingestion on a near-con- 
stant diet of stable-strontium/stable-cal- 
cium. The tracer experiment shows the 
maximum differences to be expected in 
the adult skeleton for a dose of radioiso- 
tope over a short time interval. Since the 
bones of adults are not in equilibrium 
with the strontium-90 in the diet and 
since there is a long turnover time for 
mature bone, the strontium-90 concen- 
trations in the various bones of the skele- 
ton should also be different. Therefore 
it is necessary to define the normaliza- 
tion factors that are required to convert 


Table 1. Normalization factors from single 
bone to average skeleton (adults). 


Sr® single dose in man 


Sr” distri- 
: bution in 10 
Previous Present New York 
estimate estimate > 
(1) (6) oe 
1 case 10 cases* (7) 
Vertebrae 
4.2 4.8 3.4 
Rib 
2.0 2h 1.5 
Long bone shaft 
0.7 0.6 





* The standard deviation is about + 25 percent of 
the value. 


the analytical data on single bones to 
average strontium-90 concentrations for 
the whole skeleton. 

Table 1 gives these normalization fac- 
tors for the strontium-85 single-dose ex- 
periments and for natural strontium-90 
in ten cadavers from New York (7). The 
distribution of strontium-90 is more uni- 
form than that in the extreme case of 
the single strontium-85 dose, but it shows 


eres > 
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significant differences with respect to 
the various bones of the skeleton. The 
strontium-90 factors, rather than those 
for the strontium-85 experiments, have 
been used in correcting all individual 
measurements to the whole-skeleton 
value for all samples from individuals 
20 years of age and older. 

In individuals of from 0 to 19 years 
of age, the strontium-90 distribution is 
more nearly uniform, since most of the 
strontium-90 has been introduced into 
the skeleton by bone growth rather than 
by exchange and remodeling, as is the 
case with adults; hence, no correction 
has been made. Clearly, however, this is 
only an approximation, since children’s 
bones are still far from being in equi- 
librium with their diet. Empirical evi- 
dence that this treatment of the data 
more nearly reflects the true situation is 
found in the consistency of the data, in 
similar latitudes, for adults and children, 
represented by different bones. Samples 
are now being obtained to verify this 
point directly. 

For convenience, the time intervals 
chosen to show the progressive increase 
in concentration of strontium-90 begin 
on | July of each year. The impact of 
the major nuclear tests of the spring of 
1954 did not begin to show up in human 
bone until after 1 July of that year. The 
present discussion covers the period from 
1 July 1953 to 30 June 1957. 

The analytical errors on the individual 
measurements range from 2 to 50 per- 
cent, depending on the activity, but most 
samples have an error of the order of 
5 to 10 percent. In general, the analyti- 
cal error is quite small compared with 
the degree of uncertainty about the re- 
lation of an individual bone to the whole 
skeleton. Variations in the strontium-90 
concentration within a given bone and 
among similar bones of the same indi- 
vidual show a standard deviation of 
about +25 percent. Since this effect 
should average out in a large number of 
samples, the uncertainty in the national 
or global averages is probably controlled 
by variation in local fallout and diet 
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rather than by variability in sampling 
procedure. 


Regional Averages and 
Age Dependence 


The strontium-90 content of the aver- 
age human bone for each continent, as a 
function of age, for 1955-56 and 1956-57 
is given in Table 2. It is evident that 
there is no significant difference in the 
age groups of 20 years and older. The 
differences from one 10-year age group 
of adults to another at the same station 
do not exceed the mean by more than 
about 10 percent for those cases where a 
large number of samples is available. 
Therefore, the adult samples may be 
pooled for statistical purposes. The ratio 
of the strontium-90 level in young chil- 
dren (0 to 4 years )to that in adults rises 
from about 6 to | in 1955-56 to 10 to 1 
in 1956-57, reflecting the more rapid ap- 
proach to equilibrium of the children 
due to the growth of new bone. It is 
noted that in 1956-57 the highest values 
are found in North America, while val- 
ues for South America, Africa, and Aus- 
tralia are about half of this, with those 
for Europe in between. For all samples, 
the value for the average female is about 
15 percent higher than that for the aver- 
age male. Since the data include a thou- 
sand individuals nearly equally divided 
with respect to sex, this result is con- 
sidered significant. 

The “world averages” were computed 
by weighting the average for each age 
group by the fraction of the world popu- 
lation in that age group. The Asian sam- 
ples come only from Japan, Taiwan, and 
India. But if Taiwan can be presumed 
to represent Southeast China, a large 
fraction of the people in Asia are in- 
cluded. The levels in Russia are very 
probably higher, due to the proximity to 
test sites. Since the differences in the 
average bone level from one station to 
another seldom exceed a factor of two, 
the calculated “world average” is rela- 
tively insensitive to the distribution of 
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the sample location. Finally, the stations 
in the United States, Europe, Japan, 
China, and India may represent 70 to 80 
percent of the world’s population. 

Table 3 shows that the strontium-90 
level in human beings is more uniform 
than the total fallout. One reason for 
this, as suggested to us by Lyle Alex- 
ander, of the U.S. Department of Agri- 
culture, is the widespread distribution 
of milk products from the United States 
and northern European countries. 

The world-wide average for the urban 
world population in 1955-56 is seen to 
be about 0.15 micromicrocuries of stron- 
tium-90 per gram of calcium, which rep- 
resents a level of about 0.076 in adults 
and 0.43 in young children. In 1956-57 
these figures are 0.20, 0.060 and 0.64, 
respectively, showing an increase in the 
young children of 50 percent and in the 
world average, of about 30 percent. 


Individual Stations and 
Time Effect 


Table 4 lists the average values for 
children aged 0 to 4 and 5 to 9 and for 
adults, as a function of time, in the sta- 
tions from which analyses have been 
completed. Significant comparison of 
certain localities can be made only if the 


Table 3. Comparison of variations, with 
latitude, in strontium-90 content of hu- 
man bone and in total fallout. 





Human bone 


(Av. for 1955-57) 





Soil 
(wuc Sr”/g Ca) ? 
Latitude See ae i is 
Age at death  (me/mi*) 
0-4 Adults 
60-40°N 0.55 0.07 me 
40-20°N 0.68 0.085 9.4 
20-0°N 0.32 0.075 3.9 
0-20°S 0.05 2.0 
20-40°S 0.46 0.06 26 


*From remarks prepared by Merril Eisenbud, 
manager of the New York Operations Office, U.S. 
Atomic Energy Commission, for hearings of the 
Joint Committee on Atomic Energy, 27 May 1957. 
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‘samples are numerous, because of the 
individual biological variation. Values 
for Houston, Texas, appear to be sig- 
nificantly higher than those for other 
North American cities for 1954-56. 
Values for adults in Chile, South Africa, 
and Australia are lower than those for 
adults in Northern Hemisphere stations 
by a factor of two. It is noted that the 
adults show a small apparent decrease in 
strontium-90 content during the past 
year. This is primarily due to the varia- 
tion in stations represented in the two 
years (for example, the bones of indi- 
viduals in Houston, which had higher- 
than-average values in 1954-56, are not 
represented in 1956-57). The results do 
show that the rise in children is much 
greater than that in adults. This is a 
striking reflection of the fact that, 
whereas adults are merely exchanging a 
small fraction of their skeleton each year, 
the children are building new bone in 
equilibrium with their diet, in addition 
to exchange. 

Comparative strontium-90 data for 
England have been obtained by Bryant 
et al. (8) from a dozen localities. For 
1955-56 their data show an average of 
0.77 micromicrocuries of strontium-90 
per gram of calcium in 18 samples, 0.22 
micromicrocuries of strontium-90 per 
gram of calcium in 3 samples, and 0.08 
micromicrocuries of strontium-90 per 
gram of calcium in 19 samples for the 
0 to 4, 5 to 9, and adult age groups, re- 
spectively. The averages agree with those 
reported in Table 4, within the standard 
deviation of each, and they are as high 
as those of any comparable area in North 
America. The higher average rainfall in 
the British Isles apparently compensates 
for the greater distance from the Nevada 
test site. In addition, westward-moving 
Russian tropospheric debris would pre- 
sumably contribute more fallout to Great 
Britain than to the United States. 

Table 5 compares the change in levels 
of strontium-90, with time, for cumula- 
tive New York rainout, New York and 
Wisconsin milk, bones of young children 
(age 0 to 4) and of adults in northeast- 
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ern United States, and bones of young 
children from North American stations. 
These sets of bones were taken because 
they represent the largest number from 
one area or continent over the period of 
interest. The values for milk and for the 
cumulative fallout go up proportionally, 
whereas those for bones lag behind, due 
to the delay in reaching equilibrium with 
the diet. Thus, although the fallout and 
milk samples increased three-and-onc- 
half- to sixfold from the end of 1953 
to the end of 1956, the bone levels in- 
creased two- to threefold. 


Distribution in Single 
Population Group 


In order to predict the fraction of the 
human population that will have any 
given concentration of strontium-90, it 
is necessary to examine the statistical dis- 
tribution of strontium-90 in certain well- 
defined groups. Consider first only people 
living in cities or those who obtain their 
food from central distribution centers. 
The greatest spread will be obtained by 
grouping together adults of all ages from 
all localities. Figure 1 is a histogram 
showing the distribution of all adult sam- 
ples in 1955-56. There are a number of 
factors which tend to make the distribu- 
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tion for adult groups, even at one site, 
much larger than will actually be the 
case at equilibrium. These include bio- 
logical variation from one bone to 
anothef in a single individual and the 
different rates at which individuals 
equilibrate their bones with their diet. 
Thus, a histogram of adult samples 
would be considerably skewed to the 
right. Such a distribution will probably 
become narrower as equilibration pro- 
ceeds. The group in which the equilib- 
rium situation is likely to be most closely 
approximated is that of young children 
(Fig. 1), who have strontium-90 more 
uniformly distributed in their bones. 
Thus, although the distribution curve 
for all adults in 1955-56 shows a log 
normal form with a standard deviation 
of about 100 percent and with one case 
out of 557 having a value seven times 
the mean, the young children from Bos- 
ton and Switzerland more closely ap- 
proximate a Gaussian-type distribution, 
with a standard deviation of about 40 
percent. Since even these children are 
not at equilibrium, it is expected that 
the distribution will become still nar- 
rower. For urban populations the distri- 
bution at equilibrium may approach a 
normal Gaussian distribution, but it is 
expected that the world-wide distribu- 
tion will always be skewed somewhat to- 


Table 5. Increase in strontium-90 levels in various materials. The figures in parentheses 
represent the number of samples in the category. 





Sample Units 

Cumulative rainout 

(New York) * mc/mi’* 
Milk (New York) ¢ wuc Sr”/g Ca 
Milk (Wisconsin) t yuc Sr”/g Ca 
Bones of children 

(Oto4yr) (New 

York and Boston) puc Sr”/g Ca 
Bones of children 

(0 to 4 yr) (North 

America) puc Sr”/g Ca 
Bones of adults (New 

York and Boston) puc Sr”/g Ca 


1953-54 1954-55 1955-56 1956-57 
5 9 18 28 

0.8 1.25 2.4 3.5 

1.2 2.0 3.0 4.3 
0.28(5)¢ 0.57(3) 0.61(3) 0.69(25) 
0.28(5)¢ 0.38(10)  0.56(10)  0.67(30) 
0.02(3)$¢ 0.05(44)  0.05(38)  0.06(19) 





* Data from New York Operations Office of U.S. Atomic Energy Commission and Lamont Geological 


Observa 


tory. 
+ Data from New York Operations Office interpolated from reports (/0). 


¢ Data of Libby (/2). 
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ward higher values since, locally, it is 
possible to increase the amount of stron- 
tium-90 per gram of calcium in the soil, 
and therefore in foods, by factors of 100 
to 1000 times the urban mean but to de- 
crease it by factors of only 2 to 10. Pres- 
ent experience in attempting to locate 
such high values suggests that they will 
represent a very small fraction of the 
world population. 

From the limited number of samples 
near equilibrium at any given location it 
is difficult to estimate the ultimate situa- 
tion with precision. Nevertheless, it does 
appear that the bulk of the world’s popu- 
lation can be described roughly by a 
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Gaussian distribution with a standard 
deviation of about 40 percent. Thus, at 
equilibrium, 99 percent of the people 
will probably be within about twice, or 
half of, the mean. Data are simply not 
available to estimate the distribution in 
nonurban segments of the population, 
but it is probably less uniform. 


Bone Level and Djet 


If the amount of strontium-90 per 
gram of calcium can be defined in the 
diet of a population group, and if the 
discrimination factors between diet and 
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Fig. 1. Histogram of strontium-90 concentration in the bones of adults and children. 
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bone are known for strontium-to-cal- 
cium, the equilibrium level of strontium- 
90 in the whole skeleton can be pre- 
dicted. In determining the contribution 
of strontium-90 to the bone from the 
diet of any individual it is necessary to 
know the calcium content, the strontium- 
90-per-gram-of-calcium ratio for each 
ingredient, and the strontium-calcium 
fractionation factors along the food 
chain. Table 6 gives the relative contri- 
bution of calcium by various foods in 
most national diets (9). It is evident 
that, for a large portion of the world, 
milk products are the dominant source 
of calcium. Fish carry very low specific 
activity of strontum-90, due to the dilu- 
tion in the large reservoir of ocean cal- 
cium. Meat and eggs contribute a negli- 
gible amount. Table 7 gives data on the 
concentration of strontium-90 in milk 
from various parts of the world, obtained 
by the New York Operations Office of 
the U.S. Atomic Energy Commission 
(10) and by the British workers (//), 
for 1956. Table 8 gives new experimen- 
tal measurements on the concentration 
of strontium-90 in frozen foods in the 
United States. Presumably, canned vege- 
tables will show a similar average, but 
the making of measurements on this im- 
portant food source is only beginning. 
The data on cereals are also meager as 
yet, but the indication is that the figures 
are higher than those for milk of the 
same region by a factor of about 6 (/2, 
13). The extent of calcium-strontium 
discrimination in the transfer from diet 
to human bone is still debated, although 
the divergence of opinion has decreased. 
The previously suggested value of eight 
(1) now appears high. Comar (14) has 
estimated that the factor is about two. 
However, the work of Spencer, Laszlo, 
and Brothers (/5) and of Schulert e¢ al. 
(6) suggests a value of about four, and 
this value has been used in the subse- 
quent calculations. 

When one knows the average diet and 
the strontium-90 content of foods, the 
relative importance of the various com- 
ponents of the diet can be estimated. In 


1956-57 in the northeastern United 
States, for example, the level in milk 
was about 3.5 micromicrocuries of stron- 
tium-90 per gram of calcium, the vege- 
table intake was about 7.3 (Table 8), 
and the level for cereals was estimated 
at about 20. Therefore, the equilibrium 
concentration of strontium-90 in the 
bone for this dietary composition, when 
the discrimination factor of four and the 
data of Table 6 are used, is computed 
to be 1.1 micromicrocurie of strontium- 
90 per gram of calcium which is domi- 
nated by the milk level. 

From the diet data and the discrimi- 
nation factor, the strontium-90/calcium 
ratio which will occur in the newly de- 
posited bone of children can be calcu- 
lated. Langham and Anderson (/6) first 
suggested this approach and used it to 
compute the fraction of equilibrium for 
skeletons of any given age group. The 
data for bone indicate that for adults 
the total integrated exchange and re- 
modeling amount to about 7 percent of 
the equilibrium value if the discrimina- 
tion factor of four is assumed. In pre- 
dicting the strontium-90 level in children 
it is assumed that, in addition to growth, 
they have the same percentage of ex- 
change and remodeling as adults. Other 
assumptions and data on which the cal- 
culation is based are as follows: (i) The 
New York milk levels are taken from 
Table 5 and are assumed to be repre- 
sentative of the northeastern United 
States. (ii) The relative contribution to 
the calcium content of the diet from milk 
and vegetation for this period is given 
in Table 6. (iii) The yearly accretion 
of skeletal calcium in males is given by 
Mitchell et al. (17). (iv) The discrimina- 
tion between strontium and calcium in 
transfer from diet to bone is four. (v) 
The fetal protective factor is two (18). 

The calculation yields the solid curve 
shown in Fig. 2. The dotted curve is 
computed in an identical manner, but 
a discrimination factor from food to 
bone of two instead of four is assumed. 
Also plotted are the experimental data 
from the United States and Europe, 
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which closely approximate the theoreti- 
cal curve for a discrimination of four. 

The concentration of strontium-90 in 
adults suggests that only 1 to 2 percent 
of bone is exchanged or remodeled per 
year. 

On the basis of these relationships, the 
equilibrium levels in human bones are 
computed for the end of 1956 for all 
continents. The results are given in 
Table 9. It is clear that the equilibrium 
level for the Southern Hemisphere will 
be about one-half that for the Northern 
Hemisphere. 
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Future Levels 


The concentration of strontium-90 in 
human bone at any future time for any 
specified kind and amount of testing can 
now be predicted within certain limits. 
The greatest area of uncertainty is that 
which pertains to the stratospheric reser- 
voir. Although there are a number of 
ways of attacking this problem, we will 
start with the actual levels in bone. The 
results are summarized in Table 10, 
along with other comparative data. 


Table 6. Sources of calcium in national diets (in percentage of contribution to total 


calcium in the diet). 


Austria 


Potatoes 
Country Cereals side 
roots 

6 6 
Belgium—-Luxembourg 8 11 
Denmark 6 9 
Finland 6 7 
France 8 10 
Germany (West) 7 14 
Greece 17 5 
Ireland 8 12 
Italy 19 6 
Netherlands 6 7 
Norway 5 5 
Portugal 26 26 
Sweden 4 5 
Switzerland 5 4 
United Kingdom 6 7 
Yugoslavia 20 6 
Canada + + 
United States + 3 
Argentina 9 5 
Chile 15 7 
Cuba 12 11 
Peru 17 29 
Uruguay 8 5 
Venezuela 9 5 
India 24 2 
Pakistan 22 1 
Israel 15 3 
Japan 46 17 
Philippines 39 15 
Egypt 30 2 
Rhodesia 36 2 
Turkey 38 7 
Union So. Africa 21 3 
Australia 7 4 
New Zealand 7 2 


Milk 
and 
dairy 
products 


Pulses 
and Meats 
nuts 


Eggs Fish 





85 
75 
79 
84 
75 
74 
63 
75 
62 
83 
86 
30 
87 
87 
81 
67 
85 
1 85 

79 
2 67 
1 64 
1 41 

82 
1 75 
51 
72 
73 
18 
18 
57 
41 
37 
71 
82 
1 88 
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There may be as much as a half-year 
lag between fallout and its effect on the 
strontium-90 level in vegetation, but this 
interval is short when compared with 
the other factors involved; so it will be 
assumed that diet level and integrated 
total fallout level are essentially in 
equilibrium. The predicted equilibrium 
value for the average population (1.1 
micromicrocuries of strontium-90 per 
gram of calcium in North America), 
calculated on the basis of fallout through 
the end of 1956 and on the correlation 
of the actual bone data with the pre- 
dicted population levels as a function 
of age shown in Fig. 2, appears to be 
fairly well defined. (Actually, if no more 
strontium-90 were deposited on the 
ground after 1956, this hypothetical 
equilibrium level would not be attained, 
since the concentration of strontium-90 
in the reservoir would be reduced con- 
tinuously by radioactive decay.) 

Prediction of future levels involves 
knowledge of the stratospheric reservoir. 
Libby (19) has estimated the mean resi- 
dence time of the stratospheric debris 
to be about ten years, with an uncer- 
tainty of about 25 percent. A maximum 
value for the stratospheric debris which 


will fall out with no further testing could ° 


be obtained by multiplying the 1956-57 
annual fallout by ten (that is, about 110 
millicuries per square mile in north- 
eastern United States). This, however, 


Table 7. Strontium-90 in milk at various 
locations, 1956. [Data from New York Op- 
erations Office and British workers (10, 
11).] 


Amount 


Location (uuc Sr*/g Ca) 
Perry, N.Y. 3.3 
State College, Miss. 5.3 
Columbus, Wis. 3.4 
Mandan, N.D. 8.8 
Portland, Ore. 5.5 
Japan 2.8 
United Kingdom 4.5 
Somerset, England 4.2 
Other areas in England 6.9 


requires the assumption that all 1956-57 
fallout was stratospheric. The limited 
data on the ratio of strontium-89 to 
strontium-90 (20) suggest that the 
1956-57 fallout was largely stratospheric 
in origin. A minimum estimate can be 
made by accepting Libby’s (19) estimate 
of a current stratospheric burden of a 
fission equivalent of 24 megatons of 
TNT and by assuming that this will be 
deposited uniformly over the entire 
world. This would add 12 millicuries of 
stratospheric debris per square mile to 
the surface of the earth. Machta (2/) 
has given valid reasons to support the 
theory of nonuniform deposition of strat- 
ospheric debris. His estimates, made on 
this basis, would lead to a prediction of 
60 to 70 millicuries of stratospheric fall- 
out per square mile in the northeastern 
United States if there should be no fur- 
ther testing. 

It is now possible to predict the level 
of strontium-90 in children’s bones in 
the northeastern United States for 1977 
(when most of the stratospheric debris 
will have fallen out) if it is assumed (i) 
that no additional debris is introduced 
into the stratosphere after mid-1957; 
(ii) that the fallout to mid-1957 is 26 
millicuries per square mile, calculated 
on the basis of Lamont analyses of 18 
soil samples taken in the New York 
City area; and (iii) that the minimum, 
probable, and maximum estimates for 
the stratospheric fallout are 12, 65, and 
110 millicuries per square mile, respec- 
tively. The equilibrium levels of stron- 
tium-90 per gram of calcium will be 
1.2, 2.9, and 4.3 micromicrocuries of 
strontium-90 per gram of calcium, re- 
spectively. 

These data can be calculated for any 
other geographical location if the level 
in the soil at mid-1957 is known. At all 
times the average for North America 
would be the highest for any land mass, 
with the possible exception of the 
U.S.S.R., and it would in general be 
higher by a factor of two than that for 
countries in the Southern Hemisphere 
(Table 9). 
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If testing continues at such a rate that 
the annual deposit of strontium-90 is 10 
millicuries per square mile (as it was 
for the northeastern United States in 
1956-57), the equilibrium level on the 
ground would be 400 millicuries per 
square mile, since the mean life of 
strontium-90 is 40 years. The correspond- 
ing equilibrium bone level of the popu- 
lation would reach 21 micromicrocuries 
of strontium-90 per gram of calcium by 
the year a.p. 2100. 


Conclusions 


1) For any given station, the stron- 
tium-90 content of adult bone is inde- 
pendent of age. 

2) The regional differences in the 
strontium-90 levels in human bone are 
much smaller than the differences in 
total fallout. The maximum difference 
appears to be a factor of two between 
United States-Europe and the Southern 
Hemisphere. 

3) The concentration of 
strontium-90 in the skeleton for most of 
the world population at the end of 1956 
was about 0.20 micromicrocuries of 


average 





MICROMICROCURIES Sr2° PER GRAM CALCIUM 





2 





4 


Fig. 2. Comparison of the experimental data on the concentration of strontium-90 in 
man as a function of age with the theoretical curves obtained from the dietary level of 
the northeastern United States from 1952 to 1957 and discrimination factors between 
diet and skeleton of four and two. 
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Table 9. Equilibrium strontium-90 con- 
centration for end-of-1956 diet (discrim- 
ination factor 4). 








Concentration 


Continent (uc Sr°°/g Ca) 
North America 1.1 
Europe 0.9 
Asia 1.1 
South America 0.5 
Africa 0.5 
Australia 0.5 





strontium-90 per gram of calcium. The 
average for North American or Euro- 
pean children was about 0.7 micromicro- 
curies of strontium-90 per gram of cal- 
cium, whereas that for adults was lower 
by a factor of approximately ten. 

4) Single bones can be used for esti- 
mating the total skeleton concentration 
of strontium-90 with a precision of about 
+25 percent. The strontium-90 is repro- 
ducibly but inhomogeneously distributed 
in the adult skeleton, but it appears to 
be more nearly uniform up to the age of 
about 19. 

5) Increase in the strontium-90 con- 
tent of the diet follows that of the total 
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integrated fallout, but the strontium-90 
level in bones lags behind, due to delay 
in reaching equilibrium. 


6) The present distribution of stron- 
tium-90 in adult populations is consid- 
erably wider than will be the case at 
equilibrium. It is estimated that, at 
equilibrium, the urban populations of 
the world, including those dependent on 
central food distribution systems (this 
will represent 80 percent of the people) 
will be described roughly by a Gaussian 
distribution with a standard deviation 
of about +40 percent of the mean. 


7) The way in which the high values 
will be distributed is not yet known, but 
maximum values are expected in areas 
where the soil has a low calcium content 
and where local consumption of milk or 
vegetable foods is low. 
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8) The predicted levels of strontium- 
90 concentration for various age groups 
in present populations, based on known 
present diet levels and bone growth, 
agree well with observed values if a dis- 
crimination factor between diet and bone 
of about four is assumed. 

9) If there were no further atomic 
tests after mid-1957, children in the 
northeastern United States would reach 
a peak level of 2.9 micromicrocuries of 
strontium-90 per gram of calcium. The 
uncertainty in this prediction probably 
does not exceed a factor of two. 

10) If testing continues at a rate such 
that a certain region receives ten milli- 
curies per square mile per year, (as the 
northeastern United States did in 1956- 
57), the equilibrium bone level for the 
population will be 21 micromicrocuries 
of strontium-90 per gram of calcium. 


Table 8. Concentration of strontium-90 per gram of calcium in common frozen vegetables 





Date of 





(1956) (Lamont Geological Observatory data). 


Concentration 





asia Vegetable State (uc Sr°°/g Ca) 
Sept. 1955 Lima beans Idaho 6.3+0.3 
Sept. 1955 Lima beans California 10.0 + 0.4 
Early 1956 Lima beans Delaware 2.9 + 0.2 
Early 1956 Cauliflower ? 2.7+0.3 
1955-56 Corn ? 3.6+0.2 
1955-56 Peas ? 1.3+0.3 
Early 1956 Spinach Tennessee 6.1+0.1 
Feb. 1956 Turnip greens Tennessee 7.8+0.1 
June 1956 Asparagus Maryland 1.7+0.2 
June 1956 Peas Minnesota 5.8+0.2 
July 1956 Peas Washington 7.8+0.3 
Aug. 1956 Peas Maine 21.3 +0.6 
Aug. 1956 Cut green beans New York 20.2 + 0.5 
Sept. 1956 Corn Minnesota 16+0.3 
Sept. 1956 ° Squash Oregon $.1=G2 
Sept. 1956 Brussels sprouts California 4.3+0.2 
Sept. 1956 Cut green beans Pennsylvania 4.6+0.3 
Sept. 1956 Cut green beans Pennsylvania 8.0+ 0.4 
Sept. 1956 Lima beans Delaware 8.4+0.2 
Fall 1956 Cauliflower New York 8.1+0.3 
Fall 1956 Spinach California 11.5+0.3 
Oct. 1956 Asparagus Maryland 1.7+0.2 
Oct. 1956 Broccoli Maryland 4.7+0.1 
Oct. 1956 Broccoli Maryland 6.7+0.3 
Oct. 1956 Broccoli Maryland 8.5+0.3 
Oct. 1956 Brussels sprouts California 12.0+0.3 
Oct. 1956 Cauliflower New York 9.1739 
Mar. 1957 Spinach California 13.9+0.2 
Average 73 
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Table 10. Present and predicted future levels of strontium-90. 





. : ae Level 
Situation or condition (upc Sr”/g Ca) 
Industrial MPC.* 1000 
Large-population MPC. 100 
Average background radiation equivalent [Libby (22) ] 50 
End of 1956 
World average 0.20 
North American children (0 to 4 yr), average 0.67 
North American adults, average 0.07 
Predicted equilibrium value, North America | 
Predicted equilibrium value, Southern Hemisphere 0.5 
Future 
Predicted average for children in northeastern United States, 1977 
(no further testing—essentially at equilibrium) 
Minimum lz 
Probable 2.9 
Maximum 4.3 
Predicted average for population at equilibrium for an area of 
continuous fallout of 10 mc/mi* yr (a.p. 2100) 21 





* Maximum permissible concentration recommended by the International Committee on Radiation Pro- 
tection. 
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SCIENCE 


Strontium-90 in Man III 


The annual increase of this isotope and its pattern of 


world-wide distribution in man are defined. 


J. Laurence Kulp, Arthur R. Schulert, Elizabeth J. Hodges 


‘The investigation of the mechanism 
of the distribution of strontium-90 from 
nuclear detonations and its uptake in 
man has This article (/) 
presents new data on strontium-90 con- 


continued. 


centration in human bone, largely from 
samples obtained in 1957-58. The meas- 
urements extend the earlier work (2, 3) 
in time and location and add details 
which give greater understanding of the 
principles of the movement of stron- 
tium-90 in the biosphere. The results of 
the past year also clearly define the an- 
nual increment in strontium-90 in the 
skeleton for the years 1953 to 1957 in a 
single location (New York City). 

The ultimate goal of this study is to 
predict the future distribution of stron- 
tium-90 for the entire world population. 
Enough data have been obtained on the 
strontium-90 levels in human bone, in 
food, in soil, and in rainfall as a func- 
tion of geographical location so that a 
first approximation to the world distri- 
bution curve can be made. The curve 
for the present distribution of strontium- 
90 in adults has been calculated and this 
is used to predict the distribution for 
young children in 1966, when the maxi- 
mum level of strontium-90 in the diet 
from tests made to date will have been 
reached. 

Experimental Procedures 

Samples of human bone are received 

at regular intervals from about 35 sta- 


tions in a world-wide network. During 
1957-58 an attempt was made to divide 
the samples somewhat equally accord- 
ing to whether the individuals had been 
older or younger than 20 years at death. 
Since it appeared from earlier work (3) 
and from data given in Table 1 that age 
is not an important determinant of the 
amount of strontium-90 deposited in 
adults, equal portions of adult bone from 
a given locality were integrated to re- 
duce the number of analyses required. 
Exceptions to this practice were made 
where new stations were involved, in 
order that data on local variation might 
be obtained. Individual samples con- 
taining less than 3.0 grams of calcium 
in the case of an adult or 1.0 gram of 
calcium in the case of a child were not 
analyzed during 1957-58, since larger 
statistical counting errors result from 
the inclusion of such samples, as a result 
of the small quantity of strontium-90 
that is present. 

Most of the bone analyses were made 
laboratories (4). 
Some analyses and intercalibration tests 
were performed at this laboratory, by 
methods described elsewhere (35). 

The samples were all single bones 
(some were integrated samples) with the 
exception of 160 whole skeletons ob- 
tained from cadavers in New York City. 


The authors are on the staff of the Lamont Ge- 
ological Observatory, Columbia University, Pali- 
sades, New York. 
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Measurements have shown that the dis- 
tribution of natural strontium is uniform 
in the adult skeleton to within at least 10 
percent (6). Detailed studies in adults 
in which strontium-85 and calcium-45 
tracers were used (7), and studies of 
fallout strontium-90 in both children 
and adults (8) show that the strontium- 
90 from the diet is nearly uniform in 
the bones of the skeletons of young chil- 
dren, while in the bones of adults it 
occurs in different concentrations that 
are systematic and reproducible. Schulert 
et al. (8) have determined these rela- 
tions and have shown that the average 
concentration of strontium-90 in a par- 
ticular adult skeleton can be estimated 
from the analysis of a single bone of that 
skeleton. The results reported below are 
all given in micromicrocuries of stron- 
tium-90 per gram of calcium. In the 
case of children, the level of strontium- 
9) in a single bone is taken as the skele- 
tal average. The concentration of stron- 
tium-90 in the whole skeleton of an 
adult (of age 20 or more) is computed, 
by Schulert et al. (8), from the analysis 
of a single bone by using the actual 
strontium-90 distribution found in skele- 
tons of people who died in 1957: 


Vertebrae/whole skeleton = 1.8 
Rib/whole skeleton = 1.0 
Femur/whole skeleton = 0.5 


The standard errors for these ratios are 
12, 14, and 25 percent, respectively. 
The that from 
computing the concentration of stron- 
tium-90 in the whole skeleton from the 
analysis of a single bone is generally less 


uncertainty results 
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than the counting error attributable to 
the low activity levels of the single-bone 
samples. This is particularly true for the 
femur and for small samples of any 
adult bone (8). 


Regional Averages and Time Effect 


The concentrations of strontium-90 
that were found in human bone from 
various localities in 1957-58 are com- 
pared in Table 2. All adult samples were 
combined for this purpose, since, as was 
noted above, no effect attributable to 
the age of the individual has been ob- 
served. Note that the samples for the 
United States have about the same con- 
centration as the average for other parts 
of the world in the same latitude band. 
Note also that rice-diet areas (for ex- 
ample, Thailand, Japan, and the Philip- 
pines) have a concentration somewhat 
higher than the average. A world aver- 
age of 0.19 wc of strontium-90 per gram 
of calcium is obtained by weighting each 
latitude band according to its adult 
population but treating the Western and 
rice-diet areas separately. The standard 
deviation is given for localities contrib- 
uting more than 20 samples, to give 
some idea of the spread encountered 
in samples from a given station. Larger 
variations generally indicate that the 
number of samples was small, and the 
mean values therefore fluctuate consid- 
erably from year to year for a given sta- 
tion (3). Also included in Table 2 is 
the latest estimate of the cumulative 
fallout per unit of rainfall for each lati- 


Table 1. Levels of strontium-90 in adult skeletons in relation to age. Samples were from 
the area of Western culture, 20° to 60° north latitude. Number of samples is given in 


parentheses. 





Period 
20-29 30-39 
1955-1956 0.12 (93) 0.13 (80) 
1956-1957 0.13 (56) 0.15 (36) 
1957-1958 0.15 (3) 0.36 (12) 











Level of Sr® (uuc/g of Ca) 





Age (yr) 

40-49 50-59 Over 60 
0.09 (22) 0.16 (4) 0.12 (9) 
0.12 (42) 0.15 (48) 0.12 (62) 
0.22 (14) 0.17 (9) 


0.17 (77) 
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tude band to January 1958, based on all 
available determinations of strontium-90 
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Table 2. Regional averages for stron- 
tium-90 in adult skeletons in 1957-1958. 








Cumu- 
lative 
fall- 
out 
Wa: Sr Stand- = 
Loca- puc/g ard 9 
of 7 “= mi?/ 
samples "0" of devi- unit 
Ca) ation 
of 
rain- 
fall 
(Jan. 
1958) ] 
40° to 60°N 
13. Vancouver 0.30 
73 ~=Boston 0.18 0.10 20 
1 Denmark 0.17 
6 England 0.25 
18 Germany 0.14 
20° to 40°N 
12 Houston 0.18 17 
2 Taiwan 0.18 
22 ~—s Israel 0.18 0.13 
4 Japan 0.33 
4 Hawaii 0.15 
0° to 20°N 
25 Puerto Rico 0.12 0.08 3 
4 Colombia 0.07 
46 Guatemala 0.10 0.07 
4 Philippines 0.27 
21 Thailand 0.36 0.29 
0° to 20°S 
13. Belgian Congo 0.21 4 
Ecuador 0.13 
20° to 40°S 
16 Argentina 0.14 6 
29 Chile 0.07 0.05 
4 Union of South 
Africa 0.18 
5 Cape Town 0.07 
36 = Australia 0.20 0.11 


in soil and rainfall. There is less appar- 
ent difference in the levels in bone than 
in the recorded fallout, between the 
Northern and Southern hemispheres 
(Tables 2 and 3). This fact may be due 
in part to the widespread flow of wheat 
and powdered milk from the Northern 
to the Southern Hemisphere. Other 
equalizing factors may be the higher 
rainfall of the local food-producing areas 
of the tropical regions and the higher 
ratio of vegetable calcium to milk cal- 
cium in the diet in the Southern Hemi- 
sphere. 

The gradual build-up of strontium-90 
in human bone that has occurred over 
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the past four years is shown in a general 
way by the regional averages (Table 4). 
The anomalies reflect changes in the 
number and location of sampling sta- 
tions during the three-year period. The 
best indication of the time effect is given 
by the whole-body samples from New 
York (Fig. 1); a large number of sam- 
ples were available from this station, 
and the size of the samples made it pos- 
sible to make more accurate analyses 
than could be made with smaller sam- 
ples. It may be noted that the concen- 
trations of strontium-90 in the skeletons 
of these cadavers was about 30 percent 
lower, on the average, than concentra- 
tions in other skeletons from the same 
area; this probably reflects the poorer 
nutritional state of these persons. 


Strontium-90 in Children and 
Variation with Age 


A general summary of the 1957-58 
findings for samples of human bone of 
individuals who died at less than 20 
years of age is given in Table 3. This is 
the largest number of samples for a sin- 
gle year yet obtained, and most of them 
were of sufficient size to give reasonably 
accurate analyses. Note the near-equal- 
ity of the concentrations in North Amer- 
ica and Europe in each category where 
an appreciable number of samples ex- 
ists. The average difference in concen- 
tration for samples from the Northern 
and Southern hemispheres is in agree- 
ment with that obtained for adults. 

The concentration of strontium-90 
varies with age for young people at the 
present time, since there has not been 
sufficient time for their skeletons to 
equilibrate with strontium-90 in the diet. 
Strontium-90 is deposited directly in the 
formation of new bone and through ex- 
change and other turnover processes in 
preexisting bone. It is instructive to 
compute the concentration of stron- 
tium-90 as a function of age for a popu- 
lation with a given strontium-90 content 
in the diet and to compare this theo- 
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retical curve with the experimental data. 
Since the United States, Canada, and 
Europe appear to have strontium-90 lev- 
els in soil, food, and human skeletons 
that are closely similar (9, 10), bone 
samples from these areas can be 
grouped for this purpose, thus providing 
a larger number of samples to test the 
theory. 

The calculation requires knowledge 
of: (i) the strontium-90 concentration 
in the average diet for the past five 
years; (ii) the discrimination factor for 
strontium relative to calcium from diet 
to bone; (iii) the number of grams of 
bone deposited per year at each age as 
a result of skeletal growth; and (iv) the 
magnitude of the average bone turnover 
per year. 

The strontium-90 concentration in the 
average diet of individuals in these areas 
has been estimated from the data of the 
Atomic Energy Commission’s Health 
and Safety Laboratory (11), the La- 
mont Geochemical Laboratory (9, 12) 
and the British group (10, 13). The re- 
sultant averages in micromicrocuries of 
strontium-90 per gram of calcium for 
North America and western Europe for 
1 July of each year from 1953 through 
1957 are 0.4, 1.6, 3.6, 5.1, and 6.5, re- 
spectively. 
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The data for the average amount of 
bone deposited per year are taken from 
Mitchell et al. (14) for males in the 
United States. 

Schulert et al. (7) obtained a dis- 
crimination factor of 4 for calcium 








NUMBER OF SAMPLES 


Fig. 1. Concentration of strontium-90 in 
whole skeletons of New York City adults. 


against strontium from diet to bone, on 
the basis of double-tracer (calcium-45, 
strontium-85) intravenous single doses 


Table 3. Level of strontium-90 in children’s bones, 1957-1958. Number of samples is 


given in parentheses. 








Age North 

: America Europe* 
Fetus 0.64 (9) 0.60 (27) 
0- 6 mo 1.18 (8) 1.15 (28) 
7-12 mo 1.84 (1) 1.47 (5) 
l- 2yr 1.53 (7) 1.39 (9) 
2- 3 yr 1.49 (9) 1.71 (4) 
3— 4yr 1.23 (7) 0.87 (3) 
4— 5yr 0.74 (5) 0.73 (3) 
5- 6 yr 0.70 (12) 0.66 (6) 
6- 8 yr 0.60 (12) 0.61 (5) 
8-10 yr 0.88 (11) 0.39 (4) 
11-15 yr 0.51 (21) 0.55 (5) 
16-19 yr 0.39 (11) 0.24 (3) 


Level of Sr® (uwyc/g of Ca) 





South : Africa, 
America Asia Australia 
1.3 (15) 0.25 (2) 
0.21 (4) 0.45 (1) 

0.58 (38) 1.15 (4) 
0.54 (5) 0.11 (1) 0.27 (1) 
1.28 (1) 0.60 (1) 
0.43 (5) 
0.48 (3) 
0.28 (10) 0.55 (2) 
0.39 (4) 0.28 (2) 0.53 (5) 
0.28 (8) 0.09 (1) 1.50 (2) 
0.22 (5) 0.50 (3) 0.49 (8) 
0.20 (15) 0.45 (2) 0.22 (4) 





* Data from Bryant et al. (28) on European children for 1957-1958 were included to give a better com- 
parison for Europe and North America. 
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in human patients and of previous work 
by Spencer et al. (15) on discrimination 
across the gastrointestinal wall in man. 
In an experimental study involving the 
stable strontium-to-calcium ratios in the 
normal diet and the skeletons of people 
in communities of Wales and northwest 
England, Bryant et al. (10) obtained a 
discrimination factor of 4 for calcium 
against strontium. Comar et al. (16) 
have obtained discrimination factors of 
about 2 and 4, respectively, for calcium 
against strontium from diet to bone for 
rats fed a milk and a nonmilk diet, and 
a discrimination factor of about 2 for 
several human patients on a milk diet. 
This suggests that the actual discrimina- 
tion factor for human beings may de- 
pend somewhat on the diet. Neverthe- 
less, the experiment of Bryant ef al. 
(10) shows that the average discrimina- 
tion factor for calcium against strontium 
in the average man in areas of Western 
culture must be close to 4. A placental 
discrimination factor of 2 was found by 
Comar in animals (/7). The data in 
Fig. 2 for North America and Europe 
indicate that this factor is about the 
same in human beings. 

If a discrimination factor of 4 ‘or 
calcium against strontium from diet to 
bone is assumed, the average turnover 
rate for the normal adult can be calcu- 
lated from the known concentration of 
strontium-90 in the diet over the past 
five years and the present average con- 
centration of strontium-90 in adult bone. 
The result is 3.8 percent per year, If 
the behavior of strontium is assumed to 
be similar to that of calcium, a maxi- 
mum of | percent may be accounted for 
by intracrystalline exchange, whereas 
perhaps another 1 percent is due to re- 
modeling. The rest is accounted for by 
passage to the more spongy bone, where 
the rate of turnover is much higher. 
Once this latter reservoir becomes satu- 
rated, the apparent average turnover 
rate will drop to the intracrystalline ex- 
change and remodeling rate. From the 
experimental data the gross average 
turnover for adults is calculated to be 
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3.8 percent per year during this period. 
It is assumed for purposes of calculation 
that this same rate applies to children, 
although their rate of turnover is prob- 
ably higher. Since the proportion of cal- 
cium deposited in the process of growth 
relative to that deposited through turn- 
over is large in the case of young chil- 


Table 4. Levels of strontium-90 in adult 
bone from 1955 through 1958. Number of 
samples is given in parentheses. 


Sr®(ypuc/g of Ca) 


Koca- 1955-1956 1956-1957 1957-1958 
40°-60°N 0.12 (177) 0.12 (176) 0.49 (111) 
20°-40°N 0.14 (88) 0.13 (114) (0.19 (44) 

0°-20°N 0.11 (130) 0.20 (63) ~—=—0.16 (101) 
0°-20°S 0.07 (41) 0.08 (22) 0.25 (16) 
20°-40°S 0.11 (88) —-0.12 (78) 


dren, no great uncertainty is introduced 
through basing the calculation for chil- 
dren on this rate. 

The theoretical curve computed in 
this way is given in Fig. 2 and is com- 
pared with the experimenal data for 
children’s bones in North America and 
in western Europe obtained in this study 
and by Booker et al. (13). The standard 
deviation in the analyses for any given 
age group is about 30 percent of the 
mean for those sets in which there are 
at least eight samples. This variation is 
probably due primarily to individual 
differences in diet. It is seen that the 
points for the various age groups follow 
the curve reasonably well, the greatest 
divergence being found in early adoles- 
cence. The ratio of the maximum, which 
occurs at about age | year, to the adult 
average is about 8; this ratio will be re- 
duced if the concentration of strontium- 
90 in the diet becomes more constant 
with time. 

On the basis of the values given above 
for the bones of individuals in North 
America between the ages of 0 and 20, 
it is now possible to weight the level of 
strontium-90 in bone by the fraction of 
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the population in each age group and 
thus to compute the present world aver- 
age concentration of strontium-90 in 
human bone. This calculated world 
average as of 1 January 1958 is 0.52 
unc of strontium-90 per gram of cal- 
cium. 


Future Human Burden of Strontium-90 


The accumulation of new data rela- 
tive to the concentration of strontium-90 
in human bone and diet and to the depo- 
sition of strontium-90 on the earth’s sur- 
face makes it possible to predict future 
levels in the human population with 
greater accuracy. This calculation is 
based upon atmospheric contamination 
from nuclear tests to the end of 1958 
and on the assumption that the diet level 
is proportional to total fallout. The cal- 
culation tacitly implies that strontium-90 
will be distributed in the future approxi- 
mately as it has been in the past, al- 
though the Soviet tests of October 1958 
may alter the distribution to a minor ex- 
tent in the direction of increasing the 
amount deposited in the North Temper- 
ate Zone in the future. The quantities 
of greatest interest are the anticipated 
concentrations of strontium-90 in the 
diet and the related anticipated levels of 
strontium-90 in newly formed bone. 

The concentration of strontium-90 in 
the average Western diet was 6.5 pyc 
per gram of calcium on 1 July 1957, 
when the level in milk was 6.1 ppc per 
gram of calcium. A comprehensive sur- 
vey of U.S. milk in the United States 
in July of 1958 gave an average of 8.2 
uuc of strontium-90 per gram of calcium 
(18), which is equivalent to a level in 
the diet of 8.7 uyc of strontium-90 per 
gram of calcium. To extrapolate to | 
January 1959, it follows that the West- 
ern diet included 9.7 wc of strontium- 
90 per gram of calcium on that date. 
Also, on 1 January 1959 the cumulative 
deposition of strontium-90 on the sur- 
face of the carth was about 2.2 mega- 
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curies (19). In the light of data on the 
isotopic composition of stratospheric 
debris that have been derived from new 
rain and from balloon sample analyses 
(20), it seems likely that the mean resi- 
dence time of strontium-90 in the strato- 
spheric reservoir is three years rather 
than the five (2/) or ten (22) that have 
been estimated previously. From this 
figure and from the deposition rate it 
is possible to estimate that the strato- 
spheric reservoir contained about 1.8 
megacuries on 1 January 1959, exclu- 
sive of debris from the Soviet tests of 
October 1958. If the latter contributed 
as much as a major test series—for ex- 
ample, the United States’ Redwing 
series of 1956 (22)—the total strato- 
spheric reservoir would be about 2.6 
megacuries. On the basis of these three 
assumptions—2.6 megacuries to be de- 
posited, a mean residence time of about 
three years, and a discrimination factor 
of 4—when due allowance has been 
made for radioactive decay, the stron- 
tium-90 concentration in the diet, and 
hence in newly depositing bone, can be 
readily computed. The result (Fig. 3) 
shows that a peak in the level of stron- 
tium-90 in new bone will occur about 
1966. The average concentration in the 
skeletons of young children on a West- 
ern diet in the Northern Hemisphere at 
that time will approach but not reach 
this peak level. 

This estimate of the future levels that 
will be reached if there is no further in- 
troduction of fission debris into the at- 
mosphere is probably maximal. One of 
the fundamental assumptions in the cal- 
culation is that the strontium-90 levels 
in the diet will be proportional to the 
cumulative fallout (23), and others have 
emphasized that the level in the diet may 
be related also to the rate of fallout, and 
that in some cases the rate factor may 
predominate. At present the data are not 
adequate for quantitative assessment of 
the relative importance of the rate fac- 
tor. If it should be determined, for ex- 
ample, that as much as half of the up- 
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take of strontium-90 by plants is due to 
the rate of fallout, the predicted curve 
might have to be lowered by as much as 
a factor of 2. The rate of fallout, how- 
ever, did not change appreciably from 
1954 to 1957, whereas the skeletal con- 
centration of strontium-90 in an urban 
population increased markedly (Fig. 1). 
It is concluded, therefore, that cumu- 
lative fallout is the dominant factor for 
the average diet in areas of Western 
culture, but the data cannot rule out the 
possibility of a contribution from the rate 
factor which would reduce the predicted 
levels (Fig. 3). Other factors that would 
also reduce the levels in diets in the fu- 
ture would include loss of strontium-90 
by vertical migration in the soil, or 
chemical fixation. Neither of these fac- 
tors is considered significant (19). The 
plowing of pasture land, however, will 
probably cause some reduction in the 
levels of strontium-90 in food over those 
that have been predicted. 


World-wide Distribution 


The other question of importance is 
that of the ultimate distribution of con- 
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Fig. 2. Concentration of strontium-90 in the skeleton, in January 1958, in North America 
and western Europe. 
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1950 1960 1970 1980 1990 2000 
YEAR 


Fig. 3. Uptake of strontium-90 in food 
and new bone in the area of Western cul- 
ture, 20° to 60°N. 


centrations of strontium-90 in the world 
population. This is complicated to such 
an extent by the fact that there is great 
variation with age in children—a result 
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of the rapidly changing levels of stron- 
tium-90 in the diet (Figs. 2 and 3)— 
that a histogram of all bone samples 
would not be significant. The fact that 
the strontium-90 concentration in adult 
bone is independent of age and that the 
average values over large geographical 
areas are rather similar provides a suit- 
able characteristic for a frequency plot. 
As the rate of change of levels of stron- 
tium-90 in the diet decreases, it is to be 
expected that the shape of the distribu- 
tion curve for the whole population will 
approach that obtained from adult sam- 
ples at the present time. The ultimate 
variation for the world population oc- 
casioned by the differences in the con- 
centration of strontium-90 in individual 
diets is already reflected in the skeletons 
of adults. 

Four histograms are presented in Fig. 
4. These cover all the more recent 
(1957-58) samples. They represent, 
from top to bottom, (A) values for 
whole-body adult samples (80 skeletons) 
from New York City; (B) computed 
skeletal values from the measurement 
of individual adult bone samples from 
the northeastern United States (100 
samples); (C) computed skeletal values 
from individual adult bone samples from 
rice-diet areas (Thailand, Taiwan, the 
Philippines, and Japan) (126 samples) ; 
and (D) computed skeletal values from 
individual adult bone samples from the 
whole world (838 samples). 

Although the number of samples rep- 
resented in histogram A (whole-body 
adult samples from New York City) was 
limited, the radiochemical analyses of 
the whole-body ash are more accurate 
than the skeletal values computed from 
analyses of single bones. 

The histogram (B) of the skeletal 
burden computed from 100 analyses of 
individual bones from Boston and New 
York shows a larger spread than (A). 
This range is more apparent than real 
since the analyses of the single bones 
show an average counting error of about 
30 percent, whereas the counting error 
on the whole-body ash averages about 
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10 percent for 1957-58 samples. Fur- 
thermore, the biological variation within 
a single bone and variation in the par- 
ticular-bone—whole-skeleton ratio ex- 
tend the range of the data. These fac- 
tors may readily account for the differ- 
ence in the values shown in histograms 
A and B; hence it may be concluded 
that the whole-body samples from New 
York City give the more accurate rep- 
resentation of the distribution of con- 
centrations of strontium-90 in the popu- 
lation of the northeast United States 
and probably in most of the population 
living on a Western diet in the latitude 
band of 20° to 60°N. 

Histograms B (northeastern United 
States) and C (rice-diet areas) may be 
compared directly, since they are both 
derived from single-bone analyses. It is 
clear that in the rice-diet areas the varia- 
tion in strontium-90 concentration in the 
population is larger by a factor of about 
2 than in the northeastern United States. 
This is probably a result of the more re- 
stricted flow of food in the Orient, the 
higher average contribution of vegetable 
calcium to the diet, and the greater 
variability of the vegetable-calcium- 
milk-calcium ratio in the diet in rice- 
diet areas. Also, the concentration of 
strontium-90 tends to vary to a much 
greater extent in vegetables than in milk 
(12). 

Histogram D represents analyses of 
individual adult bones for the entire 
world for the period 1 July 1956 to 30 
June 1958. Although the sampling is not 
proportional to the total population in 
each area, this curve provides the best 
empirical basis available on which to 
base an estimate of the world distribu- 
tion of strontium-90 in man. The true 
distribution is no doubt narrower, as 
may be deduced from the comparison 
of histograms A and B above. Neverthe- 
less, the curve given in histogram D is 
adopted in the discussion that follows, 
though it is acknowledged to be some- 
what too broad. This distribution is 
clearly not normal, nor does it corre- 
spond closely to a lognormal pattern. A 
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Fig. 4. Histograms showing comparative distributions of strontium-90 in bone. 
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large fraction of the world’s population 
gets most of its calcium from milk 
products, while the rest (largely Orien- 
tal) gets calcium from a variety of 
foods, cereals being the most important. 
That this distribution curve adequately 
represents the world adult population 
can be tested in a number of ways. It is 
useful to examine the range of stron- 
tium-90 concentration in milk in areas 
of Western culture, where milk products 
are the dominant source of calcium. 
Milk from a large variety of sources has 
now been analyzed (/1, 24). These sam- 
ples include a set of about fifty collected 
by this laboratory from untilled farms or 
from poor land in many parts of the 
United States. The highest concentra- 
tion found in these samples was only 
about five times the mean for the United 
States. In the high-acidity—low-calcium 
areas in Kentucky, the highest concen- 
trations in the milk samples were only 
twice the average for the United States 
and represented isolated farms. A re- 
stricted area in western North Dakota 
produces a milk that averages three to 
five times the mean for the United 
States. The people affected would be 
those who actually live on the farms 
that produce this milk, for if the milk 
is sold into the urban markets and com- 
bined with milk from other areas, the 
level of strontium-90 is quickly reduced. 
The population that might conceivably 
be affected is less than 0.1 percent of 
the population of the United States. 
Histogram D suggests that concentra- 
tions in foodstuffs at twice the mean 
level do not contribute greatly to the 
distribution curve. 

Numerous food samples have been ob- 
tained from various parts of the world 
and analyzed for strontium-90. Levels in 
the foods which contribute significantly 
to the calcium in the diet do not vary 
by more than a factor of 2 or 3 from 
the mean in almost all cases. Again, the 
mixing of foodstuffs prevents individuals 
from maintaining a diet which is con- 
sistently high in strontium-90. 

A special field study (9) was under- 
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taken to sample the foods of the truly 
isolated Indian tribes of the uppermost 
part of the Amazon basin. Here the 
tropical conditions cause intensive leach- 
ing of the calcium from the soil. These 
people eat only what they can grow 
within a half mile or so of their village, 
and they have a very restricted diet. 
Most of their calcium comes from the 
yuca, which they prepare in various ways. 
Studies of a considerable number of 
sites showed the yuca to cpntain four to 
five times more strontium-90 per gram 
of calcium than components of the aver- 
age world diet, despite the fact that the 
actual fallout in this area is considerably 
less than in latitudes 20° to 60°N. The 
number of people involved in this primi- 
tive situation, where there is virtually no 
inflow of food and where the mean an- 
nual temperature and rainfall are high, 
does not appear to exceed a few tens 
of thousands and constitutes less than 
0.001 percent of the world population. 
In the world histogram (D) it is seen 
that the contribution to the distribution 
curve from these special groups whose 
diets contain concentrations of stron- 
tium-90 of five times the world average 
is quite small. It is concluded, therefore, 
that the empirical distribution curve 
(D) is reasonably representative of the 
entire adult world population in 1958 
and probably of the whole world popu- 
lation at some future time if the con- 
centration of strontium-90 in the diet 
becomes fairly constant with time. 

A further critical problem is that of 
the proper method of extrapolating the 
distribution curve to the higher values. 
The curve cannot proceed indefinitely 
to the right for several reasons. Since 
the fallout is somewhat proportional to 
integrated rainfall for a given latitude 
band, and since the highest local rainfall 
does not exceed the world average by 
much more than a factor of 5, there is 
a limit set on the initial variation. Actu- 
ally, the major agricultural areas have 
rainfall ranging only from about 20 to 
60 inches per year, except in irrigated 
areas. With time, local variations be- 
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come averaged out. The available cal- 
cium content of the soil can vary widely 
but, again, the variation is not large over 
most agricultural areas. The mixing of 
food completely obscures any local highs 
from the two factors discussed above so 
that, except for a few primitive areas, 
the high and low concentrations of 
strontium-90 in plants will not produce 
an equivalent range in man. Even the 
most primitive people tend to get their 
calcium from more than one type of 
food, and, further, they vary the source 
of their foods during their lifetime. 
Again, all these factors tend to equalize 
the diet. From all of the data at hand, it 
appears doubtful that any person in the 
world will have a sustained diet which 
exceeds the world average for stron- 
tium-90 concentration by as much as a 
factor of 20. This, then, sets the upper 
limit to the distribution curve. 

Finally, it is of interest to consider 
what the distribution of strontium-90 
among young children will be in 1966 
when, it is estimated on the basis of tests 
to date, the maximum intake of stron- 
tium-90 in the diet will occur. The aver- 
age concentration of strontium-90 in the 
skeletons of young children will then be 
about 4 puc of strontium-90 per gram 
of calcium. The curve for the present 
distribution of strontium-90 in adults 
(Fig. 4, D) probably also represents the 
distribution for children of a specific 
age, since it comprehends the variation 
in world diet. On this basis it is pre- 
dicted that at the time of maximum in- 
take in the diet (1966), 10 percent of 
the young children will be found to have 
a skeletal concentration of strontium-90 
of twice the mean, and 1 percent, of 
about five times the mean, and that none 
will have a concentration exceeding 80 
upc of strontium-90 per gram of cal- 
cium. 

What hazards these levels present to 
the human race are still not certain. If 
suggestions, by Brues (25) and Finkel 


(26), that there is a threshold for the 
induction of leukemia or bone tumor 


are correct, no person will be injured by 
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the strontium-90 that will be deposited 
by world-wide fallout from nuclear de- 
tonations that occurred up to the end 
of 1958. If the incidence of bone cancer 
and leukemia is linear down to zero 
radiation, as Lewis (27) and others have 
suggested, the number of cases can be 
readily computed for any future year 
(Figs. 3 and 4; Table 2). 


Conclusions 


1) In January of 1958 the average 
burden of strontium-90 in the skeletons 
of adults throughout the world was 0.19 
uuc of strontium-90 per gram of cal- 
cium. This burden is independent of age 
above the age of 20. The concentrations 
of strontium-90 in bone differ less than 
the total fallout, as between the North- 
ern and Southern hemispheres. This is 
attributable largely to the movement of 
food, particularly of powdered milk and 
wheat from the Northern Hemisphere 
into the Southern Hemisphere. 

2) A theoretical curve for concentra- 
tion of strontium-90 versus age has been 
constructed on the basis of findings on 
levels of strontium-90 in the diet for the 
past five years, data on bone growth re- 
ported by Mitchell et al., and a dis- 
crimination factor of 4 for calcium 
against strontium from diet to bone. 
This curve corresponds closely to that 
for actual data from bone samples from 
the zone of Western culture of 20° to 
60° N. 

3) The average concentration of stron- 
tium-90 in the skeleton for all people in 
the world as of January 1958 was about 
0.52 wuc of strontium-90 per gram of 
calcium. 

4) On the basis of data on the stron- 
tium-90 in diet and bone, the world 
deposition, and the level of strontium-90 
in the stratosphere at the end of 1958, 
curves have been drawn to show the 
anticipated concentrations of strontium- 
90 in the diet of individuals in the area 
of Western culture of 20° to 60°N and 
in newly deposited bone to the year A.p. 
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2000. It is estimated on the basis of 
these data that the maximum concen- 
tration in young children will occur 
about 1966. 

5) A histogram representing 838 sam- 
ples indicates the present distribution of 
strontium-90 in the adult population of 
the world. It is assumed that this re- 
fects the actual spread of all age groups 
as a result of dietary variations through- 
out the world. The indicated distribution 
may be somewhat wider than the actual 
distribution, due to analytical errors and 
biological variation in the ratio of single 
bone to whole skeleton. It is predicted 
that in 1966 the average young child in 
the world will have a skeletal concentra- 
tion of strontium-90 of about 4 wc of 
strontium-90 per gram of calcium; that 
10 percent may have a concentration of 
8 wuc; that 1 percent may have a level 
of 20 wc; and that none will have a 
level exceeding 80 wuc of strontium-90 
per gram of calcium. 
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Comparative Metabolism of Strontium 
and Calcium in Man*' 


ARTHUR R. SCHULERT and EDWIN A. PEETS 
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and : 
DANIEL LASZLO,} HERTA SPENCER, MARTIN CHARLES, | 
and JOSEPH SAMACHSON | 


Division of Neoplastic Diseases, Montefiore Hospital, Bronx, New York 


(Recewed 11 May 1958) 


The metabolic fate of intravenously administered Sr®5 and Ca*® was studied in man. It 
was found that the isotopes were somewhat equally divided between bone and soft tissue ; 
shortly after administration, but that after four months, more than 99 per cent of the fraction 
of each isotope remaining in the body resided in bone. The initial specific activity (isotope 





concentration per gramme calcium) was far greater in soft tissue than bone with the values : 

approaching uniformity in about four months. The retention among the bones in the interval f 
studied was greatest in vertebrae and least in long bone shaft and skull. The bone exhibits no i Str 
marked preference in the uptake of the isotopes initially. However, as Sr® is preferentially the 
excreted by the kidneys, the relative ratio of Ca*® to Sr®* remaining in bone gradually increases. cent 
The net retention of Ca*® is about 60 per cent whereas that for Sr®5 is about 25 per cent. calc 
Vy 
LE METABOLISME COMPARATIF ENTRE LE STRONTIUM ET is c 
CALCIUM DANS L’HOMME B radi 
Le résultat métabolique de Sr®> et Ca*® administré intraveineusement fut étudié dans — huc 
homme. I] fut découvert que les isotopes étaient divisés présque également entre |’os et le rega 
tissulaire peu aprés |’administration, mais aprés quatre mois, plus de 99 pour cent de la fraction amc 
de chaque isotope restant dans le corps se trouvait dans l’os. Au début, la radioactivité spéci- selec 


fique (la concentration d’isotope par gramme de calcium) était plus grande dans le tissulaire ) whe 
que dans |’os, les valeurs approchant de l’uniformité apres environ quatre mois. La retention 
entre les os dans |’interval étudié¢, était la plus grande dans les vertébres et était la moindre dans 

les longs os et le crane. L’os ne montre aucune préférence initialement entre les isotopes. 

Néanmoins comme le strontium est excreté par les reins de préférence, le rapport rélatif entre 1.¢ 
le Ca*® et le Sr®® restant dans l’os augmente graduellement. La retention nette du Ca‘ est prés : 


de 60 pour cent et prés de 25 pour cent pour le strontium. ; 
an 

> wer 

CPABHUTEJIbHbIA OBMEH CTPOHIIMA WM KAJIBIIMA B YUEJIOBEKE » tane 

Msyuanacb cymb6a BBefeHHNX YNOBeKyY BHYTPHBeHHO cTpoHuMA-85 um KanBEnMA-45. y by 1 

IlokasaHo, 4¥TO BCKOpe Mocre BBe_eHHA O6a MBOTONAa pactipexenAwTcA Gonee mM MeHee j aver 

PaBHOMePHO Me7Ky KOCTAMM HM MATKHMHM TKAHAMH. Ofnako, yepes 4 Mecata Moc-le BBe_eHHA S 0-4 / 


* A report of the early phases of this work was presented before the 3rd annual meeting of the Society of Nuclear : 
Medicine at Salt Lake City in June 1956. ' 
+ This work was conducted under U.S, Atomic Energy Commission contract number AT (30-1) 1656 with Columbia 
University (Lamont contribution No. 312) and contract number AT (30-1) 1763 with Montefiore Hospital. 
¢ Deceased 7 June, 1958. 
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B KOCTAX OOHapymuBaetcaA Go-lee 99% oT OGulero KOANYeCTBA NBOTONA, COMepAaMlerocA BO 
seem Tete. HavabHan yie1bHaf aKTHBHOCTS (KOHUEHTpalliiA M30TONa Ha rpaMM KaJibuMA) 
B MATKNX TKAHAX 3HA4MTeIbBHO BhIMIe, 4M B KOCTAX, OJHAaKO N10 MCTeY“eHMM 4-xX MeCALEB 
YAe-IbHbe AKTHBHOCTH MpakTHYeCKH BAIpaBHuBawTcA, []pu cpaBbHeHNM COJep*KanHA H30TONA 
BH pa3IH4HBIX KOCTAX OTMeYeHO Camoe BLICOKOe NOrmouleHHe B NO3BOHOUHMKe HM CaMmoe 
HM3KOe@—B JAINHHBIX TpyO4vaTNX KOCTAX HB Yepene. B HayatbHLiil NepHoy 218 KocTelt He 
HaOo,aeTCA BaMeTHOM M3OMpaTeABHOCTH NOPJOUeEHHA BBOAMMIX H3OTONOB; O@HAaKO, C 
TeYeHHeM BPeMeHH OTHOWEHHE COepKaAHHA B KOCTAX KAIBUNA-45 K CTPOHUMNW-85 NocTeneHHO 
yae-1M4MBaeTCA, TAK KaK Yepes NOYKH NpeHMYUleCcTBEHHO BbIeTAeTCA CTpoHUMA-85. pu 


9TOM NOrjloOULeHHe B KOCTAX Ka-IbunA-45 ocTuraeT NpHOANSHTeTbHO 60% Hu crponuHA-85— 
oKON0 25%. 


METABOLISCHER VERGLEICH VON STRONTIUM UND CALCIUM 
IM MENSCHLICHEN KORPER 

Der metabolische Ablauf von intravenés verabreichten Sr85 und Ca*> wurde erprobt im 
menschlichen Kérper. 

Es wurde festgestellt, dass die Isotopen kurz nach Verabreichung gleichmassig verteilt waren 
zwischen Knochen uns Geweben, jedoch nach vier Monaten, mehr als 99 prozent jedes 
einzelnen Isotopen die im Kérper verblieben, waren in den Knochen enthalten. Die urspriin- 
gliche Tatigkeit (Isotopen Konzentration per Gramm Calcium) war bedeutend grésser in 
weichen Geweben als in den Knochen; nach vier Monaten waren die Auswertungen beinahe 
einheitlich. Die Behaftung zwischen den Knochen wahrend der Versuchszeit war am gréssten 
in der Wirbelsaule und am geringsten in Réhren- und Schadelknochen. Urspriinglich zeigt 
der Knochen keine lange markante Bevorzugung in der Aufnahme von Isotopen. Jedoch, da 
Sr®5 durch die Nieren bevorzugt ausgeschieden wird, vergréssert sich das relative Verhaltnis 


von Ca*5 zu Sr§5 allmahlich. Der Netto-Riickstand von Ca®® ist etwa 60 prozent wogegen der 
des Sr®> etwa 25 prozent betragt. 


per 


INTRODUCTION 


STRONTIUM represents a trace element in 
the human body, having an average con- 
centration of 4-5 parts per 10,000 parts of 
calcium in bone.) 

Widespread interest in strontium today 
is due to the presence of the long-lived 
radioisotope Sr®® among the products of 


In order to be able to evaluate the radio- 
toxicity of Sr® in man, the knowledge of the 
metabolism of the element in humans is of 
paramount importance. Extensive work 
has been done to determine the absorption 
and excretion of administered strontium 
and calcium isotopes.“ The present study 
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nuclear fission.‘?? Strontium-90 is generally 
regarded as the principal health hazard 
among the fission products since it is 
selectively taken up by the human skeleton 
where it remains deposited for many years." 


was designed to show the relative retention 
of strontium compared to calcium in man 
and to determine the distribution of ad- 
ministered isotopes within the body including 
both bone and soft tissue. 


EXPERIMENTAL PROCEDURES 


1. Clinical design and sampling 

Tracer quantities of Sr§> [7} 65 days] 
and Ca*® [7} 163 days] in chloride form 
were administered in a single dose simul- 
taneously to ten terminal cancer patients 
by the intravenous route [Table 1]. The 
average dose was 1-5 wc/kg for Sr®> and 
0-4 uc/kg for Ca*®. The intravenous route 


of administration was selected since it 
excludes the parameter of gastro-intestinal 
absorption. Since autopsy analyses were 
employed, the patients were, of necessity, 
of limited life expectancy with cancer 
involvement, and cannot be considered as 
normal healthy adults. Survival times of 
patients studied varied from 3hr to 124 
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Taste |. List of patients studied 







Patient Age , Sex | Wt. (kg) 


(days) 
H. H. 62 F 45 1/8 
». K. 50 M 54 2 
S.J. 60 F 54 3 
Cc. c. 59 F 73 3 
J. Z. 72.| M 7: 6 
G. B. 70 F 4 18 
S.G 49 M 50 30 
r.M 70 M 43 39 
A.W 63 M 6l 65 
M. S. 70 F 56 124 
es 67 M 76 251 
1.J 55 | F 53 960 


days. In addition, samples were obtained 
from one patient who received Sr®> only, 
251 days prior to death and from one 
patient who received Ca*® only, 960 days 
before death. At autopsy, samples of many 
soft tissues and of bone were taken for 
analysis. As many as twenty-five soft tissue 
samples were obtained in the early studies 
while later sampling and analysis of soft 
tissues were restricted to four major organs, 
namely, muscle, liver, kidney, and lung. 
Except for muscle, these organs were obtained 
in toto and only small sections were removed 
for histologic, analysis. In regard to bone, 
samples of vertebrae and ribs were obtained 
from all patients and in seven of the ten 
cases either femur shaft, iliac crest, and 
skull were obtained. Particular attention 
was given to the variation among bones of 
the skeleton as well as the distribution 
within single bones. 


2. Radiochemica! assay 

Strontium-85 is readily assayed, since 
it emits a y-ray of moderate energy. The 
sample is merely dried, ashed, and counted 
in a well-crystal y-ray snectrometer. The 
isotope counted with an efficiency of approxi- 
mately 10 per cent with an associated 
background of about 10 counts per min. 
(Slight variations in both of these values 
were constantly checked by appropriate 
blanks and standards.) 


Time interval 
isotope admin.—death 


Clinical diagnosis Skeletal involvement 


Carcinoma of pancreas | None 
Hodgkins disease All vertebrae 
Carcinoma of colon Moderate 
Carcinoma of breast Diffuse 
Carcinoma of lung Diffuse 
Carcinoma of breast None 
Multiple myeloma Moderate 


Carcinoma of kidney Thoracic vertebrae 


Carcinoma of lung None 
Multiple myeloma Moderate 
Multiple myeloma Diffuse 


| Carcinoma of lung | Single area of skull 
| 
| 


Two chemical procedures were used in 
the Ca*5 assay, one adapted to bone and the 
other for soft tissue. 

Ashed bone is dissolved in HCl after 
which the pH is adjusted to 3-0-3-5 with 
ammonium hydroxide. A mixture of oxalic 
acid and ammonium oxalate is then added 
to precipitate the calcium oxalate. (Care 
is taken to avoid a pH higher than 3-5 
since this precipitates some calcium as the 
phosphate.) The calcium oxalate is filtered 
and converted to the oxide by heating in a 
muffle furnace. The calcium oxide is 
weighed, dissolved in HCl, and diluted to 
100 ml in a volumetric flask. A convenient 
aliquot is taken, the pH adjusted, and the 
calcium again precipitated as the oxalate. 
After digestion the precipitate is filtered 
on 29mm diameter No. 42 Whatman 
filter paper which is then placed on a 
brass planchet, covered with a thin piece 
of pliofilm and placed in a low-level end 
window f-counter. 

For the determination of Ca*® in soft 
tissue, the sample is ashed in platinum and 
then fused with sodium carbonate at 1200°C. 
The fusion mixture is leached with water, 
filtered to remove sodium phosphate and 
soluble carbonates, and the residue dissolved 
in hot HCl. After cooling, ammonium 
hydroxide is added to pH 7, precipitating 
ferric hydroxide which also occludes re- 
maining phosphate ion. The precipitate 
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is filtered with the calcium remaining in 
the filtrate. To remove traces of calcium 
which may have been carried with the 
ferric hydroxide, the precipitate is redis- 
solved in HCl and again precipitated, 
the filtrate being combined with the previous 
one. Excess ammonia is expelled by boiling. 
Oxalic acid and ammonium hydroxide 
are added to precipitate the calcium oxalate. 
After digestion and cooling, the oxalate 
is filtered and counted in the same manner 
as the bone samples. 

The f-counter in which the Ca*® samples 
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are counted is equipped with an anti- 
coincidence ring so that background is 
about 2 counts per min. The counting 
efficiency for Ca‘*® varies with particular 
counters from 8 to 12 per cent so that 
10-* wc can be adequately detected in 
a sample. The Sr®> which follows the 
calcium through the chemistry, registers 
on the f-counter with an efficiency of only 
0-3 per cent. As the Sr®5 concentration 
is known from the y-assay, this small 
correction for the Sr®5 is made in the 
B-count. 


PRECISION ANALYSIS AND TREATMENT OF DATA 


In order to properly evaluate the experi- 
mental findings, it is necessary to know the 
relative precision of each particular result. 
The problem may be considered in three 
categories: 


(1) the precision of the radiochemical 
determinations, 


(2) the biological precision of different 
portions of the same tissue, and 


3) the precision between the tissues of 
two individuals treated in an_ identical 
manner. 


There is also the matter of statistical 
error of counting but the counting time was 
almost always sufficient to reduce this to 
below 1 per cent, making it negligible 
compared to the other variations. 

The chemical precision is of concern 
primarily in the Ca‘*> determination, since 
essentially no chemistry is involved in the 
Sr§5 assay. Duplicate and in some cases 
triplicate samples were analysed. The 
average of the mean deviations for the 
Ca*® determinations in these small groups 
is 4-8 per cent and 7-5 per cent in bone and 
soft tissue respectively. 

In comparing the biological variation in 
two or more parts of the same tissue, an 
effort was made to obtain representative 
samples, e.g. a cross section of bone or the 
half of a kidney cut along its major axis. 
(In subsequent discussion, systematic varia- 


tions within bone are noted.) The average 
of the mean deviations for the Ca*® deter- 
minations in these groups is 22-0 per 
cent for soft tissue and 16-4 per cent for 
bone. 

The corresponding values for Sr®> are 
14-5 per cent for soft tissue and 17-1 per 
cent for bone. 

There is insufficient direct information to 
assess the biological variation from one 

«individual to another. However, the relative 

distribution of isotopes in the skeletons of 
different individuals gives some indication. 
Thus the standard deviation in the vertebra/ 
rib concentration ratio for Sr®> is 30 per 
cent showing, as expected, that variation 
among individuals is somewhat greater 
than variation in representative samples in 
a single tissue. The concentration ratio 
of one bone to another is changing in time, 
as subsequently discussed, but the change 
is slight over a four month interval. 

These facts account for a large amount 
of the “scatter” in the data and underline 
the need for caution in its interpretation. 
Nevertheless, certain generalizations and 
a number of significant facts can be drawn 
from the experimental results. 

In order to give a gross overall picture 
of the behavior of the isotopes in the human 
body in time, the total body load is calcu- 
lated for each patient. A standard procedure, 
which admittedly involves considerable 
approximation, is employed as follows: 
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Soft tissues 

(1) The weights of lung, liver, and 
kidney were obtained at autopsy. 
Muscle weight is estimated from the 
total body weight using the body 
composition data of MrrcHet. et 
al.‘®) 

(2) The total content of each tissue is 
then calculated by multiplying the 
estimated tissue weight by the tissue 
concentration. 

(3) Accordingly, these four tissues con- 
stitute 40-3 per cent of the total 
body weight, whereas the total soft 
tissue comprises 85-2 per cent. On 
the assumption that the tissues 
analysed are representative of all the 
soft tissue, the total isotopic content 
of these 4 tissues is multiplied by 
85-2/40-3 to give the total estimated 
isotopic content for soft tissue. 


Bones 


The bones are divided into three groups, 
which according to the data of Trotrer,'‘® 
comprise the following percentages of the 
total skeleton: 
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I “Long” bone: limb, hip, skull 


(and mandible) 70-6% 
II Rib 5:7% 
III Vertebra and sternum 8-9% 





Total 85-2% 
(1) The weight of each bone analysed 
is estimated from the body weight 
and the data of Trorrer® together 
with the data of Mircnett et al.'® 
for the percentage of total skeletal 
mass. 
(2) Bones within a group which are not 
represented are assumed to have the 
same value as the average of the 
others in order to estimate the total 
isotopic content for each group. 
When an entire group is not repre- 
sented, its value is estimated by using 
the femur/rib ratio (for “long’”’ bone) 
and the vertebra/rib ratio (for the 
vertebra/sternum group) as obtained 
from the average on all patients. 
(4) The total estimated isotopic content 
of the three groups is multiplied by 
100/85-2 to get the estimated total 
skeletal content. 


ow 
— 


RESULTS AND DISCUSSION 


The distribution of Sr*5 and Ca*® in the 
body, the percentage of the isotopes 
accounted for, and the ratios of each isotope 
contained in bone and soft tissues are listed 
in Table 2. Also shown are the ratios of 
Ca*®/Sr®> in bone and soft tissues. In spite 
of the problems of representative sampling 
the approximations entering in the calcu- 
lations, and the fact that the extent and 
degree of the cancer involvement varied 
markedly, a fairly consistent pattern is 
obtained. The limitations of this analysis 
are demonstrated most sharply by the 
calculated Ca*® retention in patient C. C. at 
three days (127 per cent). There is a 
partial explanation for this since the patient 
(a female weighing 72-6kg) had a higher 
percentage of adipose tissue than normal. 
Thus the standard assumption that the 
skeleton represents 14-8 per cent of the 
body undoubtedly gives an estimated bone 


weight in this case which is in excess of 
the true value. Since the concentration 
of the isotopes per gramme of bone is much 
greater than of soft tissue, the standard 
procedure results in a high value for total 
body retention. It is noted that both isotopes 
are somewhat equally divided between 
bone and soft tissue shortly after their 
administration and that the proportion 
gradually shifts so that less than one-half 
per cent of the body load of each isotope 
is retained in the soft tissues by 124 days. 
This is primarily due to the more rapid 
removal of the isotopes from the soft tissues. 
The data also suggest some translocation 
from soft tissue to bone. particularly of 
Ca*® as previously noted by others in 
animals over short intervals.‘7) This trans- 
location is shown graphically in Fig. 1. 
Whereas the skeletal Sr®> retention begins 
to decline within the first few days and 
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Taste 2. Distribution of Sr® and Ca* in soft tissues and bone; tissue concentrations 
expressed in per cent of administered dose 





| 


Patient H.H. }$.K.) SjJ.|/ CC 13.2 | GBR | SG. | T.M. | AW. M. S. 
days* 1/8 2 3 3 6 | 18 30 Ss } @ | 














Soft tissue 55 3i 44 35 26 22 1-2 4) 8S 0-15 
Bone 33 7 36 45 42 41 20 26 30 26 
Sr : : fs os so it 4 bb —— 
Total 88 78 80 80 68 63 21 27 32 26 
St® ratio 
bone/soft tissue 0-60 15 0-82 1-3 1-6 1-8 aw 19 20 173 
Soft tissue 33 28 28 53 32 14 3-0 5:5 1-9 0-27 
Bone 30 42 55 74 59 36 35 71 7 60 
a Total 33 70 83 127 91 50 38 76 81 60 
Ca*® ratio 
bone/soft tissue 0-91 1-5 2-0 1-4 18 2-6 12 14 42 222 
Ca*/ | Soft tissue 0-60 0-90 . 0-64 1-5 1-2 0-64 2-5 3-9 1:3 1- 
Sr® | Bone 0-91 0-89 | 1-5 1-6 1-4 0-88 1-8 2:7 2-6 2-3 
* Days elapsed between the injection of the isotopes and exitus of patients. 
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approaches a plateau at about 25 per cent, 
the Ca*® appears to rise for the first month 
and levels off at about 65 per cent. Three 
experimental points are badly off the Ca*® 
curve, but these are the three least valid 
values of the ten: the high 3 day point 
[C. C.] is subject to question as previously 
mentioned, and the low points at 18 and 
30 days represent the only skeletons for 
which just two bones were obtained for 
analysis. The retention values for the two 
isotopes are consistent with those obtained 
in balance studies over shorter intervals 
by other investigators.‘ ® % 10) 

The ratios of Ca*®/Sr®® of the individual 
tissues are listed in Table 3. Although these 
ratios are somewhat more variable for 
soft tissues than for bone, both show an 
increase with time; the values for bone 
being generally 2 or above after 30 days. 
This is a reflection of the fact that Sr®® 
is preferentially eliminated from the body 
and thus has a shorter average biological 
residence time than calcium. 

The enrichment in favor of calcium is not 
apparent in the bones until several days 
after the administration of the isotopes. 
Thus the bone tissue as a whole shows no 
preference in accepting both isotopes im- 
mediately after administration in agreement 
with the conclusion of Baver et al.“ and 
Comar et al.) The subsequent increase in 
the Ca*5/Sr®5 ratio in time reflects the 
preferential excretion of strontium by the 


FALLOUT FROM NUCLEAR WEAPONS TESTS 


kidneys. It has been stated that the overall 
calcium enrichment from diet to bone is 
governed primarily by the calcium/strontium 
discrimination factor across the intestine 
and by that of urinary excretion.“%™ 
In the course of time, the renal discrimina- 
tion factor is reflected by the retention of 
the isotopes in the body, i.e. primarily in 
the skeleton. Whereas the intestinal dis- 
crimination is essentially a one step process 
(disregarding the endogenous fecal 
strontium) in that the isotopes which reach 
the intestinal tract are either taken across 
the intestinal wall or eliminated from the 
body, the kidney discrimination is a cyclic 
process in which ions that have been 
retained in the body during one circulatory 
cycle and via the renal tubules are presented 
to the kidney again during the next circu- 
latory cycle. This repetitive renal process 
leads to continued preferential excretion of 
radio-strontium and therefore to increased 
relative retention of radio-calcium. The 
factor of net effective enrichment from blood 
to bone for Ca*5 in the two to four month 
interval is approximately 2-3. An appreci- 
able increase in the enrichment over longer 
periods of time is not expected since the 
loci of isotope deposition become more 
and more inaccessible with time due to the 
fact that: 

(1) The isotope is cleared early from the 

more accessible sites and 
(2) Some accessible sites will be made 


Taste 3. Ca*/Sr** ratios in bone and soft tissues as a function of time 














j 
‘ Days 

Soft tissue | 1/8 2 3 3 6 18 30 39 65 124 

| 

abl a a 3 eth as 

Kidney 046 | o86 | os: | 074 | o91 | 12 | 23 15 | 058 | 087 
Liver | 034 | 084 | 063 | 13 is | a7 | 19 | 12 | 30 
Lung 0-28 | 068 | 067 | O74 | 14 | 050 | 46 12 | we 0-44 
Muscle 0-72 0-88 17 | 070 | 028 | 80 | 14 1-7 
Bone 
Femur 0-81 1-9 18 | 24 
Iliac crest 0-86 1-0 | 2-7 
Skull | 47 1s | 2:3 
Sternum 0% | 090 | 11 | 14 | | 10 | 24 | 22 | 35 | 2-0 
Rib 0-74 | 082 | 076 | 1-4 | 13 1-3 10 | 36 | 22 | 
Vertebra =| 086 | 094 | 21 1s | 13 0-94 | 27 | 38 1-9 
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unavailable by the continued de- 
position of new bone mineral. 

Although extensive data on the excretion 
of Sr§§ and Ca*® in man have been 
obtained, 15) these excretions have not 
been followed for prolonged periods of 
time. One would expect the elimination of 
administered Sr*> and Ca‘ to follow a power 
function as in the case of radium."'® While 
the present data on bone retention of the 
isotopes are inconclusive, they suggest that 
only slight changes are occurring after 
the second month, compatible with such 
an elimination pattern. 

Since the Ca*5/Sr®> retention ratio reaches 
two in two months, and since these isotopes 
present in bone remain there for years, it 
is concluded that this enrichment will also 
occur under continuous intake of Sr” 
due to fallout. A comparison of average 
Sr® content of diet and human bone in 
northeastern United States by ECKELMANN 
et al.” indicates that the overall calcium/ 
strontium discrimination from diet to bone 
is four. Since the discrimination against 
strontium across the intestinal barrier has 
been reported to be two) and the dis- 
crimination from blood to bone is also two, 
the present data are in general agreement 
with those reported in the literature. 

The specific activity of Sr®* (concentration 
of Sr®* per gramme stable calcium) of bones 
and of the major soft tissues are listed in 
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of vertebrae and rib are respectively 5-4 
and 2-3 times that of femur. This distri- 
bution must clearly change in time as 
evidenced by the fact that common strontium 
is uniformly distributed throughout the 
skeleton.”) However, this approach to 
uniformity proceeds very slowly since Sr®, 
which has been in our environment for 
several years, is reported to be more greatly 
concentrated in vertebrae and rib than in 
long-bone shaft by factors of about four 
and two respectively.“” It is apparent 
that while the isotopes are largely concen- 
trated in the skeletal tissue, the specific 
activity of the soft tissue greatly exceeds 
that of bone throughout the initial two 
month period following injection. It is 
noted in the 124 day and 251 day samples, 
however, that the specific activities are of 
the same order of magnitude. This indicates 
that about four months are required for the 
soft tissue to be cleared of the strontium 
initially deposited therein. Subsequently 
the isotopic content of the soft tissue pro- 
bably reflects that which is resorbed from 
the bone into the blood stream, (the blood 
probably being in near equilibrium with the 
soft tissue). Further evidence that this 
must be the case comes from the data from 
one patient who was given Ca*® alone, 
960 days before death. Samples of the 
four major soft tissues were obtained and 
showed an average specific activity of 





Table 4. The average specific activity one-twentieth that shown by the 124 day 
Taste 4. Specific activity of Sr** in bone and soft tissue (% administered dose/g Ca) 
Days 
; 1p 2 3 3 6 18 30 39 65 124 251 

Kidney | 21 81 | 88 7-6 0-29 2:3 0-69 0-47 0-57 0-17 0-092 
Liver | 80 12 | 74 | M7 5-8 0-54 0-25 0-070 | 0-043 
Lung eo res | eS Pps 48 | 3-2 1-6 14 0-36 0-32 | 0019 
Muscle 1 | $3 | 12 40 29 «| +1 0-24 0-25 0-42 0-053 0-056 
Femur 0-036 0-024 0-016 
Iliac 

crest | 0-048 0-070 | 0-11 0-073 
Skull 0-031 0-017 0-012 0-027 | 
Sternum | 0-18 0-067 0-21 | 0-10 | 0-25 0-067 0-062 0-099 | 0-14 
Rib | 0-071 0-035 0-077 | 0-035 | 0-052 0-052 | 0-078 _ 0-056 | 0-044 


Vertebra | 0-17 0-095 016 0-13 | O16 


| 014 , 0-070 | O16 0-116 0-14 O11 
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case. Therefore it may be concluded that 
at intervals greater than four months, 
urinary excretion reflects bone resorption. 
The excretion may also give an index of the 
isotopic bone concentration, although the 
relationship is complex. For example, aninial 
experiments have shown that the specific 
activity of soft tissue may ultimately become 
much less than that of bone.“*®! Thus 
the relation is largely an empirical one. 

It is evident that in the practical experi- 
mental evaluation of agents for their effect 
on removing strontium from the skeleton, 
the most meaningful results would be 
obtained at long periods after strontium 
administration when the specific activity 
of the soft tissue approximates that of bone, 
or at least does not greatly exceed it. The 
induced enhancement of urinary radio- 
strontium excretion achieved in the early 
phase? will largely represent clearing of 
soft tissues, whereas a sustained effect 
produced at later periods will represent 
removal of the isotope from bone. Studies 
carried out in our laboratories on the 
relationship of urinary radio-strontium ex- 
cretion and bone concentration determined 
at time intervals of varying length following 
the administration of the tracer are in 
progress at the present. 


STERNAL END 


pis6 [i50 Tis2 775 [154 155 2 
fi23 [ 9-8 8-2 5-5 47 49 > 
(3 5 g STs hf 
~ «cm ~ 
Fic. 2. Variations of Sr® concentration within a rib 
section. 
Fig. 2 shows that the isotope concen- 


tration varies greatly within a single bone. 
For example, Sr*® concentration decreases 
by a factor of greater than two in a section 
of rib as one proceeds from the sternal end 
for 12 cm toward the axillary portion of the 


SUMMARY AND 


(1) Tracer quantities of Sr®5 and Ca*s 
were administered simultaneously to ten 
cancer patients by the intravenous route 
and samples of bone and four major soft 
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rib. This finding indicates the biological 
variation one may expect to encounter in 
rib samples taken at random. 

Table 5 lists the data of radio-strontium 
concentration in successive one mm layers 
of the femur which were taken from the 


‘Taste 5. Sr® concentration in various layers of the femur 
alll be A CL ites tO SS SSE tt oe fue 
. | Depth of bone Concentration in % 
Time | | 
mm | of dose/kg bone 
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external surface and were followed towards 
the marrow cavity. It is noted that the 
samples taken after three hours and two 
days show high activity in the outermost 
layer followed by a marked decline in 
the second and third mm. The value then 
gradually rises with the layer adjacent to 
the marrow having the highest concentration 
of all. However, the samples obtained 
65 days after the administration of the 
isotopes show a progressive unidirectional 
decrease of activity from the outermost 
layer which has the highest concentration 
to the inner layer which has the lowest. 
This may suggest a greater resorption of the 
isotope through the marrow cavity than 
from the outer surface of the bone. 


CONCLUSIONS 


tissue organs were obtained at autopsy for 
radio-assay. 
(2) The 


isotopes are approximately 


equally distributed between bone and soft 
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tissue for the first few days after adminis- 
tration; after four months about 99-5 per 
cent of the isotopes which are retained 
in the body are found in bone. 

3) The net retention of the isotopes 
appears to level off at about 60 per cent for 
Ca*®, and 25 per cent for Sr®°. 

(4) There is a gradual increase in the 
Ca*®/Sr®> ratio in bone, which reaches a 
value of two or more in the two to four 
month interval. 

(5) The specific activity of the isotopes 
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is much greater in soft tissue than in bone 
throughout the first two months after 
administration, but the values approach 
the same order of magnitude at four months. 
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CStrontium-90 Distribution in the Human Skeleton 


A.R. Echulert, E.J. Hodges, E.S. Lenhoff and J,.L. Kulp 


INTRODUCTICN 

Strontium-90 originating from nuclear detonations has now been 
disseminated throughout the giube so that measurable quantities are present 
in practically all surface soil, food and human bone. The biological chain 
of strontium-90 transfer is under extensive investigation so as to assess 
the present and potential hazard (1, 2, 3). The ultimate quantity of interest 
is, of course, the amount of strontium-90 which reaches the human skeleton, 
The distribution within the skeleton is also important for the proper evaluation 
of the physiological hazard. Thus, if the areas of the skeleton which contain 
a higher than average strontium-90 concentration are those which are more 
susceptible to radiation damage, the strontium-90 in the skeleton will be 
more hazardous than if it were distributed uniformly, 

A further practical consideration which has made the determination of 


the strontium-90 distribution within the skeleton imperative has been the 


need for properly computing the skeletal load of this radioisotope in man from | 


analyses of single bones. For the past five years the Lamont Laboratory has 
been assaying bones received from a world-wide network (3). Individual bones 
from autopsy are supplied, e.g. vertebra, rib, femur, and tibia. If valid 
comparison is to be made between bones of different types, the skeletal 


distribution must be known. 
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The results of Schulert and Laszlo (4) on skeletal distribution in 
humans who had received a single tracer dose of strontium-85 show that the 
bones vary widely in the concentration of this isotope shortly after adminis- 

tration, Their average results at time intervals of one day to four months 


show vertebra and rib concentrations as 6.0 and 1.9 times femur shaft, 





respectively, This clearly will not be the situation for young children who 
are depositing new bone or with adults who have had a constant strontium-90 
diet for a lifetime. This is evidenced by the fact that stable strontium is 
= _ uniformly distributed throughout the skeleton (5), The present study was 
— undertaken to determine the actual strontium-90 distribution in the human 
— skeleton at the present non-equilibrium state, It must of course lie between 
- the distribution pattern of the single dose and uniformity, 
sa PROCEDURE 
Samples of the principal tones from adult cadavers were analyzed. 
Effort was made to obtain a representative sample of each bone to typify as 
* | closely as possible samples obtained in the world-wide survey program, 
| Therefore, the bulk of the investigation centered on rib, vertebra, and long- 
ia | bone shaft. In a concluding series equal amounts of identical bones from two 
yeas groups of cadavers were pooled, This permitted much more accurate analysis, 
bones 


Whereas the sampling of adult skeletons is adequate, that in children is 
much more limited, Cne complete skeleton of a thirteen-year-old male was 
analyzed, In eight instances, two to four bones each from young children were 


obtained for analysis, A number of fetal and neonatal skeletons were also 


measured, 


| 
| 
| 
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The samples were prepared and assayed for strontium-90 using pro- 
cedures reported elsewhere (6, 7), Briefly, the method consists of 
chemically isolating the alkaline-earths, allowing the yttrium-90 daughter of 
strontium-90 to accumulate, milking off and counting the yttrium-90. Due to 
the relatively low activity of long-bone shafts, the sample required for 
precise assay is often too large to use this procedure conveniently, In many 
of these samples as well as total body samples, therefore, a preliminary 
separation of strontium from calcium by an adaptation of the method of 
Burgus (8) was performed. 
RESULTS 

The concentrations of strontium-90 in three al types and the total 
body of 27 individuals and three integrated sets of five individuals each who 
died in 1956 and 1957 are given in Table 1, In most cases a number of long 
bones were analyzed in a search for significant differences but within the 
experimental error these were not observed. The averages indicate the 
relative activity in vertebrae, rib and long bone, If only one or two bones 
of a given type were analyzed the error is the standard deviation of the 
counting statistics, In cases in which three or more bones were analyzed 
the average value is given together with the standard error on the mean, 
In some instances the counting error is quite large due to the low concentra- 
tion of strontium-90, The uncertainty indicated by these standard errors is 
dominated by the limitation in the precision of the radiochemical analysis 


rather than by biological variation, 
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The stroiaum-90 concentration in the children's bones is given in 
Table 2. Table 3 summarizes the relative strontium-90 concentrations in 
the important bones of adults and children and newborns, 

Table 4 compares the present values with those used previously (3) 
based on preliminary data on the strontium-90 distribution in cadavers and 
short-term strontium-85 investigations (4). The results from this more 
comprehensive comparison show that the actual strontium-90 variation in 
adult bone is less than that obtained from the short-term experiments but 
is still far from uniformity. The uncertainty on these factors (Table 3) 
can be reduced in the future as samples of higher activity level become 
available, 

DISCUSSION 

A. General Fattern 

The data show that: (1) the distribution in adults is markedly nonuniform, 
(2) the distribution in the fetuses and newborns appears to be uniform, and 
(3) the overall concentration is much higher in children than in adults. These 
results reflect the fact that the growing bones of young children are metaboli- 
cally active throughout, whereas the bones of the adult skeleton have lower 
and more variable activity. From the dietary concentration of strontium-90, 
itis possible to compute that the equilibrium bone level in this period should 
be between 1 and 1.5£.U. (micromicrocuries strontium-90 per gram calcium) 
(3). This is to be compared with the measured levels in the bones of the 42 


individuals reported here i,e., adult skeletal average 0.06, adult vertebrae 


0,11, and young children 0,8. Thus children are somewhat close to being 
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in equilibrium with their diet while even the most active adult bones are 


far from equilibrium, The values in young children suggest near uniformity 


with the long bone being slightly lower than the skeletal average. The con- 


centration in the fetal skeleton is significantly less than that in young 
children in agreement with the fetal protective factor observed in experimental 
animals by Comar (9). 

B, Change in Ckeletal Distribution in Time 

The nonuniformity within adult skeletons would be only a temporal 
effect on a constant strontium-90 diet, since common strontium is uniformly 
distributed in the adult skeleton (5), The present data on strontium-90 are 
as yet insufficient to measure this trend toward equilibrium. This is due to 
the fact that (a) total skeletons from the early years are limited in number, 
and (b) values of strontium-90 concentrations, particularly on long-bone shaft, 
are too low to measure with adequate precision until 1956, This shift toward 
equilibrium, however, is definitely seen if the strontium-90 values reported 
here are compared with those obtained in the short-term strontium-85 
experiments of Cchulert, Laszlo, et al. (4), as the data in Table 4 clearly 
indicate, 

C. Intra- bone Variations 

Considerable intra-bone variations in strontium-90 concentrations are 
also apparent, Insufficient strontium-90 is present to make radioautographic 
investigations of discrete areas. However, data from bone segments analyzed 
indicate, as expected, that the epiphyses, joint areas, and bone extremities 


generally have higher concentrations than the midsections of the shafts. 
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In the two most recent composite analyses shown in Figure 1, the joint 
areas average 57% higher than limb shafts; also rib ends average about 
25% higher than the midsections although the data are comewhat scattered. 
In both of these cases the mid-60% of the bone is taken as the shaft while 
the rest is included with the joint. 

Figure 2 shows the strontium-90 concentration throughout 4 - 5 cm, 
intervals of tibia and femur from a 13-year-old, There appears to be a 
progressive change from end to midpoint with extreme values differing by 
about a factor of four. Bone extremities are generally not analyzed under 
the Lamont world-wide strontium-90 monitoring program. In previous 
calculations, insufficient consideration was given to these higher areas of 
the skeleton in extrapolating from single bone to total body average concen- 
tration. Thus it is noted from the summary in Table 4 that while the relative 
values of the three bone groups are reasonably consistent with the previous 
data, the value for body average is higher in relation to the other bones than 
was previously supposed, 

D. Radiological Implications 

The distribution data on the adult skeleton now make it possible to 
determine total skeletal load no matter what bone of the body is analyzed. 
The question arises as to whether the average skeletal concentration or the 
highest bone concentration is the most important quantity, The investigations 
of Brues (10)and Finkel (11) suggest a threshold does exist for somatic damage. 


If a threshold exists for the deleterious effects of strontium-90 then the 
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highest concentration in alocal area of the skeleton is of primary importance, da 
since this is the area which will first exceed the threshold, However, if sth 
there is no threshold and the probability of damage throughout the skeleton is sh 
strictly proportional to the radiation received, then the total radiation ac 
delivered to the skeleton (or the average cr?°/ gram calcium) is the important the 
consideration, wil 
Even with a nonthreshold concept, distribution is a consideration in su 
evaluating hazard since certain skeletal areas are more susceptible to 
radiation than others. For example, since some leukemia is caused by oa 
irradiation of the bone marrow, and since about 40% and 25% of the skeletal the 
marrow is located in the vertebrae and ribs respectively, it is calculated ont 
from the adult distribution data of Table 3 that the marrow is getting twice eo 
the radiation as the average received by the whole skeleton and thus this 
damage is twice as great as the average values indicate even with the linear, eal 
nonthreshold concept. Nevertheless, the nonuniform distribution in the Le 
adult skeleton is of little consequence in establishing tolerable fallout con- 
tamination since the strontium-90 concentration, as noted, is highest in 
children which have essentially uniform distribution, — 


It is generally agrecd that the elimination of strontium-90 from the 
body cannot be defined in terms cf a simple biological half life, since the 
element (in common with the other alkaline earths) is metabolically treated in 
such diverse manner in different areas cf the skeleton (12) The disappear- 


ance of strontium from the skeleton may be considered as taking place from 


a series of loci, each with its own mean residence time, The distribution 
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data obtained in this investigation show that the residence time for 
strontium-90 in vertebrae is shorter than that for rib, which in turn is 
shorter than long-bone shaft (since the metabolically more active bone which 
accepts the isotope most readily would also lose it most rapidly), However, 
there are, of course, subcategories of relatively active and inactive areas 
within each bone type. 
SUMMARY AND CCNCLUSICNS 

1, Various bones of the skeleton and an aliquot of the total skeletal 
ash were analyzed for strontium-90 in the case of many adult cadavers from 
the New York City area, A number of fetuses were analyzed in the same 
manner as well as individual bones (usually 2-4 per skeleton) from children 
in the 0-14 age group. 

2. The distribution of strontium-90 is nonuniform in adults with the 
concentration in vertebrae, rib, and long-bone shaft being respectively, 
1,0, 1,1 and 0,5 times the body average. 

3. Young children exhibit essentially uniform distribution, 

4, The data permit the determination of total skeletal strontium-90 


burden in a population. 
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Strontium-90 in Adult Skeletons 1956-57, New York City 


Table 1 


(ic sr90/g Ca) 
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In long bone (in which three or more analyses were done) standard 
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Table 1 (cont'd.) 


Vertebra Rib Long Bone Average’ Total Skeleton 
ton .02 + .03 .06 + .OL .05 + .Ol .OTT + .012 
Ou t -02 
12 + .O1 ol? 208 02 + .007 -O71 + .006 
-10 + .O1 
-08 + .02 06 + .02 202 + .003 -079 + .006 
.03 + .02 
1k + .02 .O4 + .02 .03 + .003 .052 + .00k 
.10 + .02 
.09 + .Ol <, .03 + .007 .052 + .007 
.07 + .O1 
14 + .O1 .09 + .Ol .03 + .015 .068 + .007 
| .10 + .O1 
: <.04 «O45 + .020 202 + .003 +062 + .005 
) .101 + .O14 
) -ll2 + .018 <.02 -03 + .O1 2016 + .005 
.068 + .O11 < — 202 + .005 2090 + .006 
. —_* 
12 + .02 -04 + .02 .02 + .003 .051 + .005 
.02 + .03 
F 18 3 Ol + -O48 t 2005 012 = 2003 <.07 
-080 + .007 
.139 + .020 + e114 + .005 .025 + .005 <.06 ™* 
i 
: .095 + .00h8 + .095 + .006 .033 + .O11 <<" 
. a Ave. 0.12 .07 .03 06 


: * Errors on vertebra, rib and total skeleton are counting errors. 


} In long bone (in which three or more analyses were done) standard 
error of the mean is given. 
| ** Normalized to early '57 average total skeleton 


| + These are composites of five samples for all bones. 
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Table 2 
Strontium-90 Concentrations in Various Bones of the 


Skeletons of Children 
(ape sr9°/g Ca) 


Vertebra Rib Long Bone 
Newborn «49 + .07 54 + .16 33 + .O4 
-33 + .10 .07 + .13 17+ .08 
35 + .08 68 + .15 -34 + .O4 
50 + .09 -59 + .17 81 + .07 
68 + .06 -97 + .08 80 + .O4 
47 + .06 57 + .08 -78 + .O4 
28 + .15 65 + .21 29 + .08 
69 + .05 4h + .05 -T7T + .06 
1.02 + .07 71. .08 61 + .06 
234 + .05 61l + .05 234 + 04 
Average 52 .60 254 
2 mo - 6 yrs -93 + .4o ol7 £325 89 + .12 
55 £ 235 41 + .08 
53> t .09 52 + .08 65 + .1l 
°75 & 36 98 + .2h 65 + .11 
1.22 t .23 1.55 + .13 68 + .08 
49 + .20 22 + .13 < .12 
-75 + 36 98 + .2k 
e421 + .O4 24 + .08 
1.22 + .31 1.48 + .14 -78 + .09 
Average 4 1.04 58 
13 yr old s21 2003 .22 t .02 013 + .02 
016 + .03 16 + .02 
.12 + .05 é .05 
15 + .03 
#.09 
19 + .03 
212 + .009 
46 + .02 
.08 + .04 
-30 + .05 
07 + .08 
si £05 


Average 16 .22 13 
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Table 3 


Relative Distribution of Strontium-90 in the Skeleton 
at Different Ages 


Vertebra Rib Long Bone Body Average 
Adult (ave. 32) 1.8 + .1 Lk & 5 t ol 1.0 + .1 
13 yr old Tt 1.0 + .l 6+ .1 8 
2mo - 6 yrs 22, 3.0 4 oh & + ol 
(ave. 14) 
Newborn (ave. 10) 9+ ol 1.0 + .1 9+ .2 


The indicated uncertainties are the standard errors on the 

mean values after the bones of each individual or integrated 
set of individuals are normalized to whole body ash = 1.0 for 
the adults and rib = 1.0 for all others. 
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Table 4& 


Ratio of sr? Concentration in Particular Bone to Skeletal Average 


Present Previous Fstimate (3) sr55 (4) 


Verteora/Whole Skeleton 1.8 3.4 4.8 
Rib/Whole Skeleton Wil 1.5 1.5 
Long Bone/Whole Skeleton 5 8 8 
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Comparative Hazards of Radioisotopes in Nuclear Fallout by Arthur R. Schulert, 


Lamont Geological Observatory, Palisades, New York 


It is evident that there is much uncertainty and confusion among 
the public at large concerning the problem of nuclear fallout. This problem, 
affecting as it does the entire populace, should be adequately understood by 
the scientific community so that we in turn can allay to some degree the 
muddled public view of the problem. 

The question is difficult for a number of reasons, a principal one 
being that damage produced by low level radiation may remain insidiously 
latent for years, making the procurement of quantitative data on hazard to 
rnan an enormous task. Some problems such as whether thresholds exist 
beiow which radiation is harmless are likely never to be answered 
unequivocably for all types of damage. In spite of these large areas of 
uncertainty regarding our knowledge of the biological effects of radiation, 
rational and satisfying evaluations of the fallout problem are possible. 
Reasonable comparisons can be made to the background radiation which has 
always been in man's environment so that estimates relative to long term 
human experience may be made. This report will not deal with the absolute 
biological effects of radiation, but rather the relative hazards the biochemical 
and radiochemical nature of some of the important radioisotopes present in 
nuclear fallout. 


The most prominent long term hazards which have been considered 
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with regard to fallout are strontium-90, cesium-137 and carbon-14. The 
strontium-90 being primarily confined to bone, it is chiefly a somatic 
hazard whereas cesium-137 and carbon-14 are distributed throughout the 
body and are thus both somatic and genetic hazards. In Table 1 the 
annual radiation dose and the infinity radiation dose for the isotopes in 
our immediate environment up to mid '58 (stratosphere excluded) are 


given together with a subjective quality rating on each value, 


Table 1 


Annual Dose (mr) __Infinity Dose (mr) 


sr? 5 (Gcod) 200 (Fair) 
Cs}37 3 (Good) 4 120 (Poor) 
e* 0.1 (Very good) 25 (Very good) 


It is noted that the current radiation dose which is computed from actual 
isotopic measurements, is known to reasonably good precision but 
difficulties arise predicting what these isotopes will do in the future. The 
future carbon picture can be precisely predicted since that present will 
continue in the biospheric reservoir just as the upper atmosphere produced 


carbon-14 has always done. Prognosis in the case of strontium-90 is some- 


what uncertain, and our present knowledge is very poor with regard to the 
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future of cesium-137, A prime uncertainty lies in our insufficient under- 

standing of the route of entry of the cesium and strontium into the plant 

foodstuffs from the environment, principally to what degree the uptake 

is foliar and to what degree it proceeds via the soil. With regard to the 

soil component, uncertainty exists as to how this might change in time 

due to migration of the isotopes in the soil and possible incorporation in 

unavailable forms, With regard to the gamma-emitting cesium-137 

roughly half of the present radiation is external, and there are also 

rmanifold difficulties in extrapolating the external component in time. 

In any case, this contribution would be very variable in particular 

individuals depending on one's locality and mode of living. 
It is readily seen that if the primary route of entry is foliar and 

that once the isotopes reach the soil they are largely out of the plant growth 

cycle, the future incorporation in man will be somewhat reduced, If the 

isotopes in the soil, however, remain available throughout their period of 

radioactive decay, the larger doses (which are those given in Table 1) 

would be more valid. : 
All are aware of the many short term isotopes concomitant with | 


fission, perhaps principal consideration having been given to iodine-131 | 
because of its concentration in the thyroid and strontium-89, which of : ’ 


course chemically follows the strontium-90. These are frequently classed 


ywth 


of 


ssed 


ee 


FALLOUT FROM NUCLEAR WEAPONS TESTS 1233 
as presenting no long term hazard to the individual and correctly so. However, 
a problern which needs further exploration is that of the concentration of some 
of these short-lived isotopes in fetal life during periods of testing. For ex- 
ample, on an activity basis the production of strontium-89 in bomb fission 

is about 160 times that of strontium-90, and consequently a sr°9 sr ratio 
of 20 in milk during test periods is not uncommon. Since the growing fetal 
skeleton reflects the mother's diet rather than the mother's skeleton, the 
fetus may get considerably more radiation from strontium-89 than from 
strontium-90 under such conditions. Thus this problem deserves more 
intensive investigation, particularly in view of the fact that fetal life is more 
susceptible to radiation damage than post-embryonic life. 

One further isotope which has been previously mentioned by others 
as a potential hazard, but not generally given serious consideration is 
plutonium-239, The incorporation of this isotope from soil into plants is 
insignificant. Furthermore, it is not an ingestion hazard since if it is taken 
orally, it is almost completely unabsorbed across the gastrointestinal wall. 
However, material in the atmosphere may enter the body through inhalation. 
If we take the published data for strontium-90 in the air and both strontium-90 
end plutonium-239 in the soil, and assume that the ratio of the two isotopes in 
the air is the same as in the soN beneath it, it is computed that an individual 
might accumulate 0.1% of the Maximum Permissible Concentration in a few 


years, This compares to current strontium-90 levels in children of 1 - 2% 
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of the Maximum Permissible Concentration and thus the two problems may 


be only about an order of magnitude apart in importance. Thus, while the 
plutonium problem is of lesser importance at the moment, when one 
considers the long biological retention of plutonium, it is seen that its relative 
importance will increase in time for the present population. Furthermore, 
its 24, 300 year physical half-life means that the problem will be increas- 
ingly important from generation to generation as long as it is being added 

to the environment. 

It is concluded that nuclear fallout is not a critical hazard to 
mankind at the present time. It is further concluded that intensive research 
on many facets of the problem is necessary, including some heretofore 
relatively neglected areas since the problem will inevitably increase in 


importance as we proceed into the atomic age. 
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DATA _ON THE STRONT 1UM=90 CONTENT OF MILK AND 
OTHER FOODS DURING 1958 


by 
John H. Harley 
Edward P. Hardy Jr. 


Stanley Klein 
S. Allen Lough 


Health and Safety Laboratory 
UNITED STATES ATOMIC ENERGY COMMISSION 
New York. N. Y. 


This report summarizes the deta available to the 
Health and Safety Laboratory on the Strontium=-90 content 
of milk and other foods during 1958, As such, it Is Ine 


tended to supplement HASL“42, "Environmental Contamination 


from Weapons Tests", which summarized information through 


the end of 1957, 

This report includes analyses performed at the 
Health and Safety Laboratory and under analytical contracts. 
In addifion, certain other pertinent data from other laborae=- 
torles are tacluded for comparison, A considerable portion 
of the Information will also be mede part of other reports 
submitted to the Joint Committee for their consideration. 

Some of the results given in this report heve 
become avellable after the issuance of the last quarterly 
supplement fo HASL=42 and will not be otherwise published 
until the next supplement. The policy on deta publicetion 
Is to Include all analyses complete at the time of prepere= 


tion of the quarterly supplements, or @ report such as the 


present one, 
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Milk Analyses 
The two earliest series of milk enelyses were 
begun In 1954 and Included powdered milk from Perry, N. Y., 
and liquid milk purchased In New York City. Two stetions 
were added In 1955: Columbus, Wisc., and Manden, N. D. The 
anelyses of the monthly semples ere shown In Fig. | for 
Perry, N. Y., Fig. 2 for New York City, Fig. 3 for Columbus, 
end Fig. 4 for Mandan. As @ comperison, the U. S. Public 
Health Service enalyses of 1958 samples are shown In Fig. 5. 
A comperison of the yearly everege levels at the 


four sampling stations In 1957 and 1958 Is given below: 


Micromicrocurles sr per al calcium 








Perry 3.8 5.9 
New York City 4.5 a 
Col umb us 4,2 6.8 
Mandan 16.4 20.5 


In pest yeers there has been a tendency for a rise 
in Strontium=90 content during the summer followed by @ de- 
crease about the first of the year. This Is not apperent in 
the current samples and follows the corresponding high rate 
of fallout ef our pot sampling stations, The major contribu- 
flon to fhe Stronttum-90 In milk comes from fallout deposited 
on vegetation and not from the soll, It Is thus more dependent | 


on fallout rate then total deposition, 


ic 
3 


lent 
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The high concentration of Strontium-90 In the dried 
buttermilk from Mandan has not been satisfactorily expleined 
in terms of soil content, rate of fallout, or vegetation con= 
tent. Several experiments in the past have shown that no 
significant difference exists In the Strontium-90 to calcium 
ratio in the separate portions of milk, such as whole milk, 
skimmed milk, or buttermilk, While this particular materia! 
is used for animal feed, it still may be @ contributor to 
the overall Stronttum=-90 level in animel bone and later to 
milk for the human diet, 
A few miscellaneous milk samples have been reported 
since the Issuance of HASL“42, These are listed in Table I. 
Considerable caution is necessery In considering deta on 
dried milk obtained ebroad, This mey actually heve originated 


In the United States or Scandinavia and have been repackaged, 
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Wheat and Wheat Products 

Samples of vegetation have been analyzed under 
the two upteke studies sponsored by the Commission, the 
Chicago Milkshed progrem and ‘the HASL pasture site program, 
it must be pointed out thet Investigations during 1958 
showed thet the analytical methods In use by some lebore= 
torles were not removing ell of the strontium from the 
ashed samples and the data from earlier times should be 
looked on with suspicion, These date were reported in 
HASL=“42, however, and the 1957 dete are included here in 
Teble 2, These latter analyses are believed to be correct, 

Certain of the semples analyzed were fodder, but 
these ere more Indicetive of the levels to be expected in 
grains then ere the vegeteble samples, 

After a discussion in March. 1958 of fallout levels 
In Minnesote, Dr. Maurice Visscher of the University of 
Minnesote submitted @ series of 1956, 1957 end 1958 wheat 
samples to HASL. The deteltled results of the analyses are 
shown In Table 3, and they ere summarized in Table 4. The 
letter teble Includes velues for ppe $e7° per grem of calcium 
and per kilogram of wheat. 


The meen $20 


In ppe per kilogram of wheat Is 45 
for 1956, 66 for 1957, and 44 for 1958, This rise and fall 
Is another strong Indicetion that the Strontium-90 content 


of wheat depends on the fallout rate rether then totel 





ym 


& 
e 
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deposition, This general erea received heavy fallout 
during the 1957 Nevedea Tests. The 1958 crop was probably 


hervested before ell of the heavy fallout in lete 1958 





could affect It, 

While vegetation levels would not drop to zero 
In the event of cessation of tests, they would fell to e 
‘fraction of present vaives. The actual level would then 
be dependent on soll content of Strontium-90, soll composi=- 
tion and plant type, 

A sertes of flours and breads purchased in New 
York City have been analyzed and are reported in Table 5. 
The general scatter of the dete Indicates the extreme varie=- 
bliity of wheat products. in addition, fortification of 
flour end bread with calcium will tend to distort velues of 
ppe 5499 per gram of calcium. 

Compartson of the white and whole wheat breed re=- 
sults mekea It eppeer thet the levels are the reverse of 
the expected values. No evidence was found of sample rever= 
sal, but fresh semples will be tested. 

A survey of wheat,, bran, short and three grades 
of flour from single millings of wheat from the |7 major 
producing states is In progress. Date will not be aveileble 
for at least two months, however, Such @ survey will be more 


readily interpreted than the scattered data presently 


recorded, 
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Estimate of Dietery Components fior Strontium=90 Intake 
The levels of Strontium-90 In mitk Iatended for 
human consumption has averaged 5 to 10 micromicrocurles 
per liter over the past year. Using the everage VU, S. 
consumption of 320 querts per. year (Table 6), there would 
be an Intake of about 1500 to 3000 micromicrocuries of 
Strontium=-90 associated with about 300 grams of calcium. 
The anavel consumption of wheat products is 
epproximately 90 kilograms. Wheat flour contains about 
200 mg of calcium per kilo (Table 7), so thet the totel 
tateke would be 18 grams of calcium. The Minnesota wheat 
‘data indicate a 1958 mean of about 150 ppe/gm Ce. From 


the German deta!!), 


we would expect flour from this wheat 
to be 50-100 pye/gm Ca as @ maximum, This would yield « 


Strontium-90 Intake of about 1000 to 2000 micromicrocuries 


— SS 


associated with the 18 grams of calcium, 


The ennavel consumption of fruits end 


vegetables other than potetoes is ebout 125 
kifogrems, The Lemont dete!?! show @ mean of 

7.6 pyc/gm Ca for leafy vegetables. Thus, the 
125 kitogrems would yield en tntake of 700 micro- 
microcurfes of Strontium-90 associated with about 


100 grams of celcium, Similer celculations mey 


be performed for potetoes, 
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The total estimate of U. S. yearly intake would 


be, 
pye seo g. Ca 
Mi ik 1500 = 3000 300 
Wheat 1000 = 2000 18 
Frutts and Vegetables 700 100 
Potatoes 220 15 


This would indicate an anaval iatake of about 
3500 to 6000 micromicrocurlies of Strontium=90 associated 
with about 400 grams of calcium. 


British date?! 


for 1957 Indicate @ calcium intake 
of 250 grams from milk, i20 grams from cereals, and 75 grams 
from other foods, For the levels in food during the summer 
of 1957, the Strontium-90 intake would have been 1300 micro= 
microcuries from milk, 250 from cereals, and 850 from other 
foods. These are comparable expect for the higher U. S. 
value for wheet. 

Their data would Indicate an annual Intake of 
about 2400 micromicrocuries of Stroatium=90 associated with 
ebout 450 grams of calcium, 

The uptake of Strontium-90 has been studied end 


there are indications that the Sr/Ca observed ratios Ia 


going from diet to bone ere lower for non=milk diets then 


for milk diets, tn other words, Strontium-90 Is absorbed 
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less readily from vegetable foods, However, the leveis 


of Strontium=-90 In various foods Indicate that milk cannot 


be considered the sole Important source of contamination, 


Considering el! sources, the equilibrium content of the 


human skeleton In the U.S. could approach twice the level 


thet wovld result from milk elone, 


3. 
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1956 1957 1958 1959 
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10° 


ll 


15° 


7 
16 
19 


2 


2 


23 


Locageon 


Rosemount 
Southwest 
Grand Rapids 
Morris 
Duluth 
Crookston 
Wadeoce 

H. Minnesots 


Roe cmount 


Kerris 

Grand Rapide 
Crookston 
Southwest 
Warera 
Doleth 


Grand Repide 
Reoremeunt 
Unknown 
Seuthaerst 
Unrmoewn 
Waccee 


Crookr ten 


Int'l, Falls 
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Leble 3 


Mheat Samples Sent to HASL by Dr. Maurice B. Viashor 





of the University of Kinuesota Medica) Schoo} 
Results of Strootium 90 and Caloiw Analyses 


Varieties (Spring Wheat 


Henry, Sclkir®, bide, Rushmore, 
Lee, Thatoher 


Jeor 
1956 


Les, Mida, Thatcher, Henry, Selkirk, 1956 


Rushmore 


Lec, Mita, Thoteher, Henry, Selkirk, 1956 


Rushmore 


Les, Mida, Rushmore, Thatcher, 
Selkirk, Henry 


1956 


Loe, Horry, Mien, Rushrore, Selkirk, 1956 


Conley 


Henry, Ruehmore, Lee, Kida, Theteher 1956 


Mida, Lee, Rushmore, Thatcher, 
Selkirk, Bemry 


Lee, Selkirk, Henry, Ruseel 
(Lee x Kenya Farmor) 


Selkirk, Lee, Thatcher 
Thatehor 

Lee, Selkirk, Ruseol 

(Lee = Kenya Formr) 

Thatcher, Len, Selkirk, Conley 
Thatcher, Selkirk, Ler, Ruerel 
(Lee x Kenys Former) 


Thatcher, S-lhirk, Conley 
(Lee 2 denys Perver) 


Selkirk, Ruere] 


Varieties not know 
S-lkirk, Conley 
Rierel bO 5A 
Conley, Selkirk 
Conley, UF 30 
Selkirty 


Cariey 


Urbano 


% run as blind duplicates, 


Error term Is one 


1956 


1957 


1957 
1957 


1957 


1957 


1957 


1957 


1958 


19°8 
1958 
1958 
1958 
195° 
Wg5R 
195" 


standerd deviation due 


& Ash 
of Wt. 
Recy'd. 


1.93 


2.26 


2.21 


2.06 


2.12 
2.15 


1.04 


1.35 
1.70 
1.8), 
2.95 
16%, 


2200 


1.98 


ae 8r?°/¢ ash aan mec 819°/, Ca 


8.83 @ 0.35 
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8.29 


3.66 
5.9 
3-7h 
2033 
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4.91 
Sold 
6.36 
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7.05 


6.5u 
6.78 
6.95 


535A 


i.fo 


osha 


0.26 
27 
O20 
0.33 


0.29 
0.38 


0029 


%eli2 


%e 
919 


Dhe 
Ole 
0.353 
0.31 


0.37 
0.51 
9.26 
0-35 
9.32 
0.32 


0.54 
0.32 


029 
0.31 


0.39 
0.31 


2 ob 
2.02 
20h 
1.87 


1.91 


1.08 
1.75 


0.50 
9.52 


1.46 


to counting. 
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Summer 


Location 


Rosemount 
Southwest 
Grand Rapids 
Morris 
Duluth 
Crookston 
Wasece 

N. Minaesota 


international 
Falls 


Unknown 





163 
169 
88 
82 
82 
74 


94 


150 
146 
187 
200 
606 
105 
124 


Table 4 
of Minnesota 


bye 7° /kg Ce 
wh 1987 TOs 


at 


958 


124 
191 
184 
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pee $77 /kg Wheat 


956 


76 
71 
36 
28 
38 
17 
46 


65 
51 
61 
80 
112 
47 
47 


36 
37 
60 
35 
42 
40 


42 
54, 54 
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Table 6 





Dietary Values for Man 


Amounts in grams (unless otherwise noted) per person per week 


aes 


6.2 quarts 
1850 
580 
0.82 doz, 
830 
1070 
















Milk and milk products 


Flour and flour equivalent 





Fats and oils 


| Eggs 
Sweets, sugar 
























Fresh fruits 


Fresh vegetables 
Potatoes 
Leafy vegetables 
Other vegetables 


1990 
155* 
730* 


1500 
60 
100 


Canned fruits and vegetables 
Frozen fruits and vegetables 
Dried fruits and vegetables 
Meat and Fish 


Beef 440 
Pork 750 
Other 220 
Poultry 250 
Fish 200 


* Children only 


"Basic Anatomicel, Dietary, and Phystological 
Date for Radiological Calculations", 
AEC Research and Development Report HW=-41638 
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717 
718 
719 
720 
721 


722 
723 
724 
725 


728 
730 
732 


115 
116 
733 
735 
736 
738 
740 
742 
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WATER AND CALCIUM CONTENT OF WHEAT AND WHEAT PRODUCTS 





From: ComposlItion of Foods--Raw, Processed, Prepared 
-= by Bernice K. Watt and Annabel L. Merrill 


U. S. Department of Agriculture Handbook No, 8, 


June 1950, 


From: Table | -= Composition of Foods, 100 grems, 
edible portion 


e 
Food and Description & Water 


Wheat, whole grain: 
Herd red spring 13.0 
Hard red winter ft 
Soft red winter 14.0 
White LiS 
Durum 13.0 


Wheat flours: 


Whole (from hard wheats) 12 
80% extraction (from hard wheats) 12 
Straight, hard wheat 12 
Straight, soft wheat 12 
Patent flours: 
All-purpose or family 12 
Bread 12 
Cake or pastry 12 


Wheat products: 


Bran (breakfast cereal) 2.6 
Bren flakes (40% bran) 3.6 
Flakes 3.8 
Germ 11.0 
Puffed 3.8 
Rolled, dry 10,1 
Shredded, plain 5.6 
Whole meal, dry 8.2 


%# Based on the product as It reaches the mill 
prior to tempering. 


mg Ce 


36 
46 
42 
36 
37 


4) 
24 
20 
20 


16 
16 
17 


94 
61 
46 
84 
46 
36 
47 
46 
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4 
10 
0 


6 
7 


4 
| 
16 
34 
16 


(7 
16 
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UNITED STATES 
ATOMIC ENERGY COMMISSION 


WASHINGTON 258, D.C. 


August 21, 1959. 


=. James T. Ramey 

Executive Director 

Joint Committee om Atomic Energy 
Congress of the United States 


Bear Mr. Ramey: 


During the May hearings on "Fallout from Nuclear Weapons Tests," data 
were presented giving strontium-90 levels in bread obtained by the 
Health and Safety Laboratory from New York City markets. A suggsstica 
wee made that during the laboratery work two samples labeled "white 
bread" and “whole wheat bread” might have been switched so thet the 
labels were reversed. 


Since then new samples have been obtained and analysed. The results 
tend to confirm the suspicion that the original samples were indecd 
labeled ia reverse. Am absolute confirmation is, of course, impos- 


sible because nothing of the original samples is left upon which to 
ée a re-analysis. 


The attached note is to enmounce the error to the press and includes 
@ complete tabulation of the old and new data and of som further 
equ data on composite samples of bread. 


Sincerely yours, 


Cuarles W. Shilling, M. BD. 
Asting Director 
Divisios of Biology ead Medicine 
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NOTE TO EDITORS AND CORRESPONDENTS : 


Last May when data on the strontium-90 content of bread samples 
were presented to the Congressional Joint Committee on Atomic Energy 
during its fallout hearings, representatives of the Commission's Health 
and Safety Laboratory indicated there was doubt about the reliability 
of two of the samples. They said then that a mislabeling error might 
have occurred and that new samples of breads of the same type would be 
analyzed to confirm or deny the suspicion. 

The laboratory has completed analysis of the new samples and re- 
ported the data which indicate that at some point during the chemical 
analysis of the original bread samples, white bread ash had been labeled 
as whole wheat and the other way around. The attached sheet gives the 
original, erroneous results followed by the correcting data derived from 
the second set of samples. 

In addition, the attached sheet reports the results of analyses 
made of composite samples of five different brands of white bread and 
five of whole wheat. These breads were purchased in New York City 


groceries, off the shelf, during the month of May, 1959. 


Attachment 
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RESULTS OF BREAD ANALYSIS - NEW YORK CITY SAMPLES 


Previously Reported - Sampled February 1959 (erroneously labeled) 


te % Ca uuc $r20 uuc sr?? 
sh In Ash g Ca kg Bread 
lth White Bread 3.33 5.24 72.0 # 2.9 126 +5 
Sai 74,1 # 2.7 129 - 
y Whole Wheat Bread 2.8 8.75 5.0 + 1.0 9.6 42.0 
8.89 4.9 + 1.0 veo #2.0 
t , 
Repeat - Sampled May 1959 (correctly labeled) 
be 
White Bread 2.55 7.70 S91, 143 11.6 * 2.2 
Whole Wheat Bread 6.85 1.42 60.6 * 6.5 58.9 * 6.3 
- } Composite Samples - May 1959 
j 
1 White Bread 2.1 5.30 10.2 + 1.6 12.5 # 2.0 
Whole Wheat Bread 2.57 3.34 42.8 + 2.8 36.8 + 2.5 
e led vi = 
he 
from 
; 
id 
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(Thereupon at 12:35 p.m. a recess was taken until 2 p.m. the same 
day.) 


AFTERNOON SESSION 


Representative Hotirretp. The committee will be in order. 

Our subject this afternoon will be fallout mechanisms, uptake from 
soils by plants, and foliar deposition. 

Dr. Robert: Reitemeier of the Atomic Energy Commission and Agri- 
cultural Research Service, Beltsville, Md., will be our first witness. 


STATEMENT OF DR. ROBERT REITEMEIER,' AEC AND 
AGRICULTURAL RESEARCH SERVICE 


Dr. Rerremeter. Mr. Chairman and members of the committee, my 
statement will be substantially the same as my prepared statement, 
which I assume you have, except for the definition of some terms and 
perhaps enlarged discussion of some of the results. 

The fission products contained in fallout particles enter the food 
chain of man primarily through plants and soils. Some particles are 
deposited initially on the plants, the remainder on the soil. It is pro- 
posed to discuss here mechanisms of intake of fission products by 
plants, reactions with soils, and land reclamation and decontamination 
measures. 

A fraction of the particles deposited on food crops will be ingested 
by animals and humans if surface decontamination measures are not 
employed. 

his refers to the decontamination of the surfaces of the food crops 
themselves. 

Rain and wind will move some of the particles from plant to soil. 
The extent of this movement will ieoanl on the shape of the plant 
and the characteristics of the plant surfaces. Actually, the metero- 
logical conditions occurring during the fallout affect the initial dis- 
tribution of particles between plant and soil. 

Fallout during a moderate or heavy rain, for example, will be ex- 
pected to be deposited on the soil to a greater extent than is dry 
fallout. The particles remaining on the plants are subject to disso- 
lution, that is, dissolving in water, to a degree governed by the solu- 
bility characteristics of the particles—such as size and chemical com- 
position—and the weather conditions occurring after deposition. 

Light rains, mist, fog, and dew increase the opportunity for disso- 
lution. Some of the fission products made soluble by this action are 
absorbed into the plant, and a fraction of these may be translocated 
or more simply, moved, to other parts of the plant. 


1 Since November 1956, soil scientist, Biology Branch, Division of Biology and Medicine, 
U.S. Atomic Energy Commission, Washington, D.C., and Soil and Water Conservation Re- 
search Division, Agricultural Research Service. U.S. Department of Agriculture, Beltsville, 
Md. Born at Logansport, Ind., on Jan. 24, 1912. Graduated from Logansport Hich 
School, 1929. Bachelor of Science cr rag Purdue University, 1933. Master of arts 
(chemistry), University of Missouri, 1934. ctor of philosophy (agricultural chemistry 
and soils), University of Arizona, 1938. Shell Oil Co., Wilmington, Calif., technologist, 
1938-39. U.S. ye | Laboratory, Riverside, Calif., chemist. 1939-45. U.S. Department 
of Agriculture, Beltsville, Md., soil scientist, 1945-53 and 1954-56. Foreign Operations 


Administration, Ankara, Turkey, soils technician, 1953-54. Member of Soil Science Society 
of America, American Society of Agronomy. International Society of Soil Science, Washing- 
ton Academy of Sciences, New York Academy of Sciences. Phi Lambda Upsilon. Phi Kappa 
Phi, and Sigma XI. Soils editor, Biological Abstracts, 1946-53. Associate editor, Atomic 
Se See Seeneanamn, American Association for Advancement of Science, 193%. (Sub- 
y witness. ) 
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Subsequent rains may leach some of the absorbed radioisotopes from 

the plant onto the soil. These, being already in a soluble form, can 
articipate immediately in the reactions with the soil. Those isotopes 

in particles deposited on the soil must first be liberated by solution 
of the particles by water, acids, or exchange reactions. 

The last would involve the replacement of atoms already held on 
soil particles by atoms from the fallout particles. 

The mobilized fission products in the soil are then free, to varying 
degrees, to move through the soil, and to enter plant roots and be 
transported to other plant parts. 

Some of our present knowledge has been obtained under actual 
fallout situations, the rest with completely soluble sources of radio- 
isotopes. In the latter case, it is presumed that maximal biological 
availability of the isotope is manifested. 

Many results of experiments and observations on soils and plants 
at the current fallout levels should be applicable to problems involving 
much higher levels, and, conversely results obtained with tracer ap- 
plications—that is, at much higher levels—are applicable to present 
conditions, 

The first section I would like to discuss in detail is foliar ab- 
sorption. 

epresentative Hoxirtep. By foliar absorption, you mean by the 
leaves and the external surfaces of the plant above the ground ? 

Dr. Rerremerer. This would include the stems in a general sense. 
It would include both the leaves and the stems and other aboveground 
parts; yes, sir. 

The extent of absorption of a radioisotope by aboveground parts 
of plants is usually determined by spraying or painting a particular 
part, or the entire aboveground portion, with a solution containing 
a known amount of the isotope, and after washing or skinning, 
measuring the residual amount of radioactivity by Geiger counting 
or radioautography. 

Translocation of the isotope following absorption is detected in a 
similar manner, by treating only one plant part and later measuring 
the radioactivity in various other parts. Moderate absorption of 
isotopes of strontium, barium, ruthenium, and rubidium by the foliage 
of bean, beet, and tomato plants has been demonstrated (19). 

The translocation of the absorbed strontium to other parts, however, 
was very slight and negligible in the direction of the roots. 

Representative HotirreLp. By this you mean the outside deposit was 
greater than inside the plant through capillary action in absorbing it 
from the soil ? 

_ Dr. Rerremerer. We are speaking now entirely of the absorption 
into the leaves and stems directly. 

epeeentenavg Houirretp. From the aboveground part of the 
plant ¢ 

Dr. Rerremeter. Yes; in the case of strontium, we are saying that 
a moderate amount of the strontium which is deposited on the fone 
is absorbed into the leaves but does not move very readily out of the 
leaf, especially downward, in the direction of the roots. 

Representative Hoxirietp. You will take up the other factor, the 
factor of absorption by the roots from the soil ? 

Dr. Rerremeter. In another section ; yes. 
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Absorption of strontium into tomato fruits from applications 
yainted on their surfaces also occurred, as shown by radioautographs. 

he moderate leaching of root absorbed strontium 90 from leaves by 
water sprays also has been established. 

This implies that there is a two-way movement depending on the 
moisture situation. That is, the rain may leach some of the strontium 
and some of the other isotopes from the leaf down onto the ground. 

Following applications of solutions containing strontium 90, 
ruthenium 106, cesium 137 and cerium 144, to some leaves of sunflower 
and kidney bean plants, the movement of cesium to the other leaves 
and other aboveground parts was 100 times as great as that of the 
other isotopes. 

Middleton found that radiostrontium sprayed on the foliage of 
wheat, potato, bean, cabbage, sugar beet, and swede plants—swedes 
being a fodder beet—moved to untreated parts to only a limited ex- 
tent, while radiocesium moved to all parts of the plant. 

The spraying of radiostrontium on immature heads of wheat effected 
a much higher strontium content of the grain than did spraying of 
plants before emergence of the heads. 

The next mechanism is called stem-base absorption. 

The relatively high strontium 90 content of the foliage of perma- 
nent grass pastures in the United Kingdom has not be explainable 
by soil uptake on foliar absorption. The concentration in the grass 
of some pastures appears to be 10 times as high as would be expected 
by way of the soil. 

A further mechanism, called stem-base absorption, has been pro- 
posed to explain this situation. Established grass pastures in humid 
climates develop a root mat consisting of upper roots, the basal por- 
tion of the stems, and other organic matter. This mat lies just above 
the soil surface. 

According to the proposed theory, it intercepts strontium 90 
washed from the surfaces of the grass leaves by rain, and detains 
it long enough for a considerable fraction to be absorbed into the roots 
or stem and transported into the leaves. Soil reactions which would 
reduce the availability of strontium to roots, such as adsorption— 
which is the attachment of ions to particles in the soil—and fixation, 
which is defined as a binding in the soil in a nonavailable form, 
and dilution with the soil calcium are thereby avoided. 

A consequence, in addition to the incerased efficiency of uptake by 
the grass, is that the strontium 90 content of the plant depends pri- 
marily on the current rate of deposition of fallout and not on the 
cumulative amount of strontium 90 in the soil. 

I might add here that this statement is applicable, of course, to 
foliar absorption, also. 

The stem-base mechanism would be expected to be less important 
in other areas. Pastures in the United States, for instance, are re- 
planted relatively frequently and the vegetation usually is a legume 
or a grass and legume mixture. 

Representative Hortrretp. The importance of this, from a practical 
standpoint, Doctor, is that we have X amount of deposit of strontium 
90 on the soil. This does not necessarily mean that you would have 
that amount in the plant. The plant would only take up a per- 
centage ofthat. Is that true? 
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Dr. Reiremeier. In the case where there is a curent deposition 
of fallout, this says that a certain fraction will not come from the 
soil oj will be absorbed directly by these roots before it touches 
the soil. 

Representative Houirietp. Carrying on through on that, let us 
asume it is a tomato plant. Part of the foliar uptake and part of 
the root uptake would be retained in the body of the plant itself 
and not deposited in the edible portion which people are concerned 
with. Is that true? 

Dr. Rerremerer. According to the statements I made in the previous 
section, there may well be some absorption into the tomato fruit of 
strontium deposited on the skin of the fruit. This will depend, prob- 
ably, partly on the moisture condition. 

Representative Hoxtrtetp. I am glad to have that answer but it 
does not get quite to the point. The point I was trying to establish, 
if it can be established, was that if X amount is deposited on the 
outside of the plant and is absorbed by the capillary action of the 
plant from the roots, the residual deposit in the fruit itself, the peach 
or the apple or the tomato, would be only a percent of the total which 
has been deposited on the outside of the foliage and in the ground 
with the uptake from the root. 

Dr, Rerremerer. There will be only a fraction in each case—a 
fraction of the amount deposited on the plant—that will go into the 
fruit and a fraction of the amount that was deposited on the soil will 
go into the fruit. Only a small fraction in each case. 

Representative Hoxirtetp. My next question would be, have you 
been able, through your experiments, to reduce to percentage that 
fraction which would go into the edible part of the plant ? 

Dr. Rerremeter. In the case of tomato plants? 

Representative Ho.irrecp. Let us take tomatoes and let us take 
a root plant like potatoes. 

Dr. Rerremeter. This might be of the order of 1 percent of the 
total amount deposited on the plant. If it were deposited at the 
time there was fruit I would suppose that the order of magnitude 
would be about 1 percent that might enter the fruit. This would 
probably be the maximum. 

Representative Horirretp. This would be different in the case of 
the potato because it would not be exposed to foliar uptake, but it 
would function in the root uptake area, I assume, from the soil only. 

Dr. Rerremeter. This is true of the potato tubers. There is a 
saving factor in this case of potato because potatoes normally have 
a very low calcium content. The strontium uptake by the potato 
tubers from the soil will depend primarily on the calcium content of 
those tubers, and this is low. 

So we normally expect a relatively low contamination of potato 
tubers from soil uptake of strontium as compared to other crops. 

Representative Hotirretp. Now, we are going to call on Senator 
Aiken, who is undoubtedly the most outstanding practical farmer 
in the Senate. 

Senator Arken. I notice that you say, Doctor, that the application 
of fallout, strontium, cesium, or whatever it is, to the foliage would 
result in the absorption of some of it by the tomato which grows 
on the tomato vine. Did you undertake to find out if that same treat- 

42165 O—59—vol. 221 
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ment applied to the soil would come up through the stem into the 
tomato? 

Dr. Rerremerer. We probably do not have an experiment which 
would answer this particular question. 

Senator Arken. Also, the fact that the potato which is the same 
family as the tomato does not absorb the strontium. Is that due to 
the resistance of the potato or the fact that it has a lower calcium 
content, although I do not know what the calcium content is, or 
to the fact that the strontium will not go down the stem? 

Dr. Rerremeier. To both. As I said, the movement downward 
from the leaves to the tuber will be small. Also, the intake by the 
tuber and the other roots from the soil will be low because this part 
of the potato plant has a low calcium content and the strontium 
does follow the calcium to a great extent. 

Senator Arxen. I notice, too, your reference to well-limed soils, 
that the plants growing on well-limed soils had a greater resistance 
or else there was a greater absorption of the strontium in the soil. 
You refer all the time to calcium. 

Suppose that you used magnesium instead of calcium. What is the 
affinity between magnesium and these various fallout elements? 

Dr. Rerremeter. There appears to be some correlation between the 
soil magnesium levels and strontium contents of plants. The cor- 
relation usually is not as good as between strontium and calcium. 
Some experiments have shown some effect of magnesium on that 
relationship. 

Senator Arken. It is the practice of good farmers to use calcium 
one time and then magnesium lime a few years later. 

Dr. Rerremerer. This is usually beneficial, yes. 

Senator Arxen. Another thing that interested me is the apparent 
affinity of nitrates for the fallout material. I believe you refer to it 
here somewhere. 

Dr. Rerremeter. In a later section I do make the general state- 
ment that nitrogen fertilizers, in general, have seemed to increase 
the uptake of fission products. 

Senator Arxen. Is that due to the nitrogen itself or what? 

Dr. Rerremerer. This may be a rather complex result. The usual 
result of adding nitrogen where it is deficient, of course, is to increase 
the overall size of the plant. This increased uptake may result 
partly from a better growth and larger size of the plant. 

Senator Arxen. The nitrogen would make broader channels for the 
strontium to get from the soil to get up into the plant. 

Dr. Rerremerer. You might put it that way. 

Senator Arken. It would give a broader highway, really. 

Dr. Rerremeter. Yes. 

Senator Arken. Was there any difference between sodium nitrate 
or ammonium nitrate applied to the soil and nitrate which was col- 
lected from the air by leguminous plants? If the affinity of strontium 
was for nitrogen itself, it seems to me it would hook onto that on 
the way down. 

Dr. Rerremerer. I assume that there is no such direct connection 
between strontium and nitrogen as your last statement would indi- 
cate. I think it is an indirect effect, primarily. 
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Senator Arxen. The effect of the nitrogen would be that it makes 
the plant thriftier and, therefore, has broader access for these fallout 
elements to get from the soil up to the top of the plant. 

Dr. Rerremeter. This would be my opinion. 

Senator Arken. Rather than any affinity between the nitrogen and 
the strontium ? 

Dr. Rerremeter. In general, this would be my impression. 

Senator Arken. Have you some cases where damage to human 
beings has been caused by absorption of strontium through milk or 
wheat or other commodities? 

Dr. Rerremerer. I personally do not know of any single case of 
any human being being damaged by strontium in the sense that you 
indicate here, whith I think is in support of the testimony which 
has been given to you in the last 2 days. 

Senator Arken. You know of no instances of actual damage being 
done, then ? 

Dr. Rerremeter. I know of none. 

Senator Aiken. However, you do have instances of actual damage 
being done by lead poisoning ? 

Dr. Rerremerer. Yes. 

Senator Arken. Sodium selenate, which is very violent as a poison. 

Dr. Rerremerer. Yes. 

Senator Arken. And other chemicals of that kind. So we might 
assume, then, that damage to health through drinking milk or eating 
tomatoes or beet greens and other things is far less from fallout at 
the present time than from other causes from eating the same foods. 

Dr. Retremerer. About all I think I could say is to repeat that, 
as far as I know, there is no known case of any detriment to human 
beings from the amounts of strontium derived from food up to now. 

Senator Arken. These broad tests are being made with milk and 
wheat because they are common products universally used in good 
supply all over the country of a more or less uniform makeup. 

Dr. Rerremeter. This is one of the important reasons. 

Senator Arxen. And because they do contain calcium. 

Dr. Rerremeter. This is especially true in the case of milk. 

Senator Aiken. That is the reason these commodities have been 
chosen rather than the proability that they will be found to be the 
greatest malefactors? 

Dr. Rerremeter. I believe the evidence you heard this morning in- 
dicates that quite a great variety of foods are being sadhana I 
would not say it was restricted entirely to what we would call the 
major foods or food crops. Of course, a large part of the attention 
is being given to milk. 

Senator Aiken. We will say if a plant absorbs 100 units of stron- 
tium—I don’t know what that would be, but it would be 100 units— 
that then the cow would absorb only a percentage of that, the milk 
would have only a percentage of what the cow absorbed and the 
human would only absorb the percentage that was found in the milk. 
Is that correct ? 

Dr. Rerremerer. There would be two ways of looking at this. One 
frequent way, and one, I believe, that you are familiar with, is 
expressing this in strontium to calcium ratios. Of course, Dr. Comar 
later this afternoon is expecting to go into this much more than I 
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am competent to, and I feel that you might get more precise and 
authoritative answers from him on that particular question. 

Representative Ho.irietp. There is a very important question. It 
involves the element of discrimination both by the plant and by the 
animal and by the human being. We will go into that later on with 
the biologists. I hope that there will be some illustrations given to 
us tracing a certain amount. 

I realize it can’t be done exactly and accurately, but it can be some- 
where in the ball park. I think it is very important that we have that. 

Senator A1kEN. It seems if there should be progressive or propor- 
tionate rejections—I do not know what term would be used here—as 
it goes from soil to plant to cow to milk to human, possibly some 
witness may have made some tests on that. 

Dr. Rerremerer. Mr. Chairman, I do intend in a later section to 
discuss briefly this matter of discrimination in plants, and Dr. Comar 
will go beyond that into animals and humans. 

Senator Arken. The reason I ask these questions is that so many 
people are getting so alarmed. Ido not want them to get so alarmed 
that they all get emaciated. 

Representative Hotirretp. You may proceed. 

Dr. Rerremeter. The next section is called soil-plant factors. 

The customary problem in soil fertility is the increase of uptake of 
chemical elements by plants. The main goal of research on radio- 
active contaminants, however, is the reduction of uptake of elements. 
The absorption of a radioisotope from soil by plant roots requires the 
simultaneous occurrence of three conditions. 

The isotope must be in the active root zone of the plant, its binding 
to soil particles must not be too tight, and the plant must have a 
mechanism for the absorption of the particular element. 

Most fission products of greatest importance in the food chain, for 
example, strontium, cesium, barium, ruthenium, and rare earths, occur 
in soils and plants as cations, positively charged atoms. They become 
attached to soil particles, to varying degrees, by such chemical re- 
actions as adsorption, cation exchange, that is, the replacement of an 
attached atom by another atom, and chemical preciptation. 

Of this group of elements, strontium is consistently found to be ab- 
sorbed the most. The others are absorbed only to a relatively slight 
extent. 

Strontium behaves similarly to the chemically related nutrient ele- 
ment and important exchangeable cation, calcium. Where both the 
exchangeable strontium and calcium are uniformly distributed 
through the entire root zone, as in most pot experiments, the ratio of 
the two elements in the shoots is approximately the same as on the 
exchange complex of the soil, that is, discrimination between the two 
is slight. : 

The exchange complex is a mixture of colloidal clay and organic 
matter in the soil that holds cations on their surfaces. 

However, in the field, the strontium 90 and calcium seldom are uni- 
formly distributed in the root zone of any crop. Further, the root 
habits of crops vary with soil conditions. Where the strontium 90 
is located near the soil surface, shallow rooted crops, as many grasses, 
will have a higher strontium to calcium ratio than deeper rooted 
crops. 
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Where it has been moved to a lower depth, as by plowing, the ratio 
in shallow rooted crops will be reduced. 

Dilution of the strontium 90 by natural or applied available cal- 
cium often reduces the strontium 90 content of the crop. The term 

“available” here means generally in a form which can supply the 
needs of plants. 

In this country differences among soils are more striking than effects 
of liming of a particular acid soil. The range of natural exchange- 
able calcium levels is wide, while even in very acid soils the ex- 
changeable calcium level can usually be raised only severalfold by 
lime applications. 

Additions of lime in excess of the cation exchange capacity are of 
no benefit. The cation exchange capacity is the total ability of a 
soil to hold exchangeable atoms. It is currently recommended that 
lime be applied only in amounts expected to provide better crops. 

Fertilizer applications have diverse effects on the uptake of fission 
products from soils. Nitrogen fertilizers were found to increase the 
strontium 90, cesium 137, and cerium 144 content of oat plants, but 
phosphorus fertilizer decreased the cesium 137 uptake. 

Potassium additions have been reported to reduce the uptake of 
radiostrontium by radish plants and wheat plants and the uptake of 
cesium 137 by wheat and pea plants. These effects of potassium are 
in accordance with the depressing effect of excessive potassium on 
the uptake of calcium and with the chemical similarity of potassium 
and cesium. 

The uptake of cesium from soils usually is only one one-hundredth 
to one-tenth as great as that of strontium. This apparently results 
primarily from the fixation of most of the cesium in a nonexchange- 
able form, that is, not extractable by concentrated salt solutions. 

Current experiments by Ov erstreet suggest that radiocesium in low 
concentrations may be irreversibly fixed by precipitation in the crystal 
lattice of the surfaces of micaceous or micalike minerals. This is a 
different process than those causing the fixation of large amounts of 
cesium, potassium, and ammonium. 

The possibility of a mechanism for the nonexchangeable fixation of 
strontium 90 also has been under investigation. In order to be of 
appreciable benefit in the reduction of uptake, most of the strontium 
eventually would have to be fixed. 

On the other hand, even a relatively slow rate of fixation might be 
important, because of the 28-year half-life of strontium 90. Certain 
experiments have shown no reduction of availability of strontium to 
plants with time. 

Intensive extraction of California soils with concentrated calcium 
chloride and ammonium acetate solutions removed all but several 
percent of radiostrontium applications, but this does not preclude the 
possibility of long-time fixation effects. 

Salt extractions of soils containing strontium 90 from fallout or 
applications of strontium 89 have shown a greater retention of radio- 
strontium by southeastern soils than by Ohio soils. Efforts to deter- 
mine the existence of slow fixation reactions, and of more rapid chem- 
ical precipitation reactions by the addition of chemical compounds, 
are continuing. 








1266 FALLOUT FROM NUCLEAR WEAPONS TESTS 


Land reclamation: I should preface this by saying that the reme- 
dial measures indicated here are investigated as a part of our research 
program and are designed primarily for situations in which the level 
of contamination would be many, many fold greater than that at the 
present time. 

If agricultural lands suddenly become extremely contaminated with 
fission “products, especially strontium 90, drastic reclamation methods 
might have to be employed. Two possible approaches which have been 
investigated are the leaching of the strontium below the root zone, and 
the removal of contaminated crops and surface soil from the land. 

Under leaching with rain, the downward movement of strontium 
is slow. During the first years of the strontium 90 monitoring pro- 
gram, the strontium 90 was located primarily in the 0-to-2-mch 
layer of uncultivated soil. Since then, increasing fractions of the total 
are found in the 2-to-6-inch layer. 

In experimental soil columns, a dilute calcium concentration, as oc- 
curs in many irrigation waters, has been found to increase the rate of 
leaching of radiostrontium over that due tor ain, but enormous volumes 
of such water would be required to move most of the strontium below 
the root zones of most soils. 

Although large applications of acids and salts to soils in outdoor 
lysimeters, which are small soil plots usually bordered by concrete 
sides, moved radiostrontium to considerable depths; it was concluded 
that the cost for treating large areas would be excessive. 

I should insert here also that when the strontium is removed from 
soils by leaching such as indicated here, that we can expect that most 
or all of the other exchangeable cations, such as calcium, will also be 
removed at the same time by the same method. 

Representative Horirtetp. This would leach the soil of desirable 
elements as well as the undesirable? 

Dr. Rerremerer. Yes, and those might have to be replaced if you 
had to resort to such a practice. 

Representative Hoxirrevp. I suppose probably the largest leaching 
experiment that we have ever known has been by the people of Israel 
near the Dead Sea where they have taken the soil there by baskets and 
handwashed it to get the salt content out. 

The experimenal work that you are doing here would, of course, 
be very valuable in case the time should ever come when a nuclear 
war occurred and there was a heavy contamination of strontium 90 
and cesium 137 and other long- lived isotopes on our bread-growing 
and vegetable-growing soils in the temperate zone. 

Dr. Rerremerer. That is the purpose behind that type of experi- 
mentation. 

Representative Hoxirtetp. We hope we will never have to solve 
that problem, but I do think it is wise that the experimentation you 
are conducting is going forward. 

Dr. Rerremerer. The physical removal of contaminated crops and 
soil would be most effective immediately after the fallout, because w ith 
time, rain would redistribute particles and leach fission products into 
the soil. Field experiments in 1958 indicated that the harvesting of 
contaminated row crops, such as soybeans and sudan grass, can re- 
move about three-fourths of the contamination. It should be added 
here that this particular harvesting consisted of two operations. 
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First, a mowing of the plants , which was followed by a flail forage 
chopper which removed the stubble and a small amount of soil. Thus 
the value of three-quarters reduction resulted from a combination of 
these two successive treatments. 

Cutting and rolling of bluegrass sod and raking of heavy mulches 
removed over 90 percent. The most effective soil removal procedure 
tested was the scraping of level, smooth harrowed soil by a road grader, 
which removed virtually all the applied radioactivity. Disked or 
plowed land was less easily decontaminated. 

These experiments are continuing. 

Senator Arken. How would the scraping of the harrowed soil by 
the road grader remove the applied radioactivity? What became of 
it? 

Dr. Rerremerer. This is a matter of moving it from one place to 
another. The problem of ultimate disposal of the contaminated soil 
is still with us, even experimentally. I believe your question would 
mean that when the contaminated soil is scraped off into windrows, 
what do you do with the windrows. Is that correct ? 

Senator Arken. This would not be plowed soil. It would not be 
plowed before it was harrowed smooth and run over with a road 
grader. 

Dr. Rerremerer. One of my last statements was that disked or 
plowed land was less easy to decontaminate than the level, harrowed 
= There is a difference in effectiveness of the roughness of the land 
surface. 

Senator Arken. How about land that has been rolled ? 

Dr. Rerremerer. Actually, rolling was studied in these experiments. 

Senator ArkEN. It was effective? 

Dr. Rerremerer. The results are, so far, inconclusive. Two types of 
rollers were used but on two different types of soil. We have not got- 
ten the final answer yet as to the benefits of rolling in general. 

Senator Arken. I ask that because on most dairy farms the land 
where the corn, clover, or grass is raised is replanted and rolled and 
harrowed every few years. That would indicate, if there was still 
contamination in the milk, it could come from pastureland which had 
not been plowed or rolled or harrowed. Would that be likely 

Dr. Rerremerer. I am not quite clear on whether you are thinking of 
the situation that I would be discussing here with regard to decon- 
tamination of very heavily contaminated land or the present situation. 

Senator Arken. Most dairies practice the rotation of crops, which 
means that the soil is replanted, rolled, and harrowed every few years. 
In the case of alfalfa it might go for a longer period of years, but 
particularly where they raise corn, sometimes every third year that soil 
is replanted. 

Would that be helpful in warding off any contamination from fall- 
out ? 

Dr. Rerremeter. I believe the question is quite a different one than 
I was presenting here. There well may be an effect of that type even 
in the present situation. Actually, the problem which I was discuss- 
ing would ask this question : 

If you could prepare your land surface in a certain condition before 
a known heavy fallout, what type of a surface should you prepare ? 
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The answer, so far, from the current experimentation is that you 
should put it in a seed bed type of condition. This anticipates a heavy 
deposition. 

Senator ArkeN. Do you know how far down into the soil the fallout 
will go of its own volition ? 

Dr. Rerremerer. Probably negligible. 

Senator Aiken. Very close to the: top? 

Dr. Rerremeter. Just from gravity or settling or even with some 
wind action we would not anticipate a very deep: penetration. 

Senator Arken. It would virtually all be on the surface. 

Dr. Rerremerer. Yes. Unless it was accompanied by a very heavy 
rain which might cause some leaching at that time. 

Senator Arken. One other question and then I will try not to be a 
nuisance any longer. 

I note that you say that potash tends to reduce the uptake of radio- 
strontium by r adish plants and I think you said by others, too. Do 
you know in what way potash retards the ‘strontium ina plant? What 
is the reason for it? Is it a chemical reason? 

Dr. Rerremeter. As I indicated in that section, a similar result has 
been known for some time to occur in the case of potassium on cal- 
cium uptake. You probably know that some of the northeast pas- 
tures have a history of a potassium to calcium relationship problem 
in which even rather modest amounts of potassium have reduced the 
uptake of calcium by the forage crops to rather low levels. 

In some of your northeastern areas this has been a continuing prob- 
lem. The conclusion I submit is that the effect of potassium on the up- 
take of strontium is similar to the mechanism of the effect of potassium 
oncalcium. Again, strontium is following the calcium to a great extent 
without any part icular need by the plant for strontium. 

Senator Arken. You pointed out that phosphorus retards the up- 
take of cesium. 

Dr. Rerremeter. Yes. 

Senator Arken. You did not say anything about strontium. Have 
you tried it with strontium 90? 

Dr. Retremerer. Actually, these experiments were done elsewhere. 
The particular results that you are referring to are from the Soviet 
Union and I do not know that we have repeated that particular type 
of experiment. 

Senator Arxen. Then all the various trace elements that are used 
to fertilize these days—manganese, and a little of everything in fact— 
is there a possibility that some of those will have a fixing character 
as far as fallout is concerned ? 

Dr. Rerremerer. I would not expect much direct interaction be- 
tween the minor elements and the fission products. I would think 
that the uptake of fission products would usually be determined more 
by the predominant cations and nutrients in the soil such as nitrogen, 
phosphorus, calcium, and potassium. 

Senator Arken. Potash retards the uptake of strontium. You say 
strontium is not partial to potatoes. Potatoes are partial to potash. 
Tobacco is partial to potash. Have you experimented with a plant like 
tobacco? 

Representative Horirieip. Here is a tobacco man here. He says 
yes; quite a bit of it. 
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Senator Arken. Yes, but he comes from a place where they have 
little fallout. What is good is experience. 

Representative Horirrenp. I think they have some fallout in North 
Carolina as well as Vermont. 

Representative Durnam. There has been quite a bit of work done 
on. tobacco. 

Representative Hoxir1e.p. The filters in the cigarettes take all that 
out—I suppose some would claim. 

As I understand, the experiment you referred to in the last sen- 
tence of your statement contemplated scraping 1 or 2 inches of the soil 
completely off the used ground; and by removing that top 1 or 2 
inches from the natural fallout residue, you decontaminate the field. 
The point that you make there that this plowed land was less easily 
decontaminated is because the surface of the soil being broken, the 
material has a chance to sift down or to be carried down by rain- 
water more than if the top of the soil is a firm crust, such as it would 
be on unplowed land. Is that approximately correct ? 

Dr. Rerremerer. Actually, we feel the biggest effect here is merely 
the effect of the degree of roughness of the land on the efficiency of 
the removal of the surface soil by the scraping procedure. 

Representative Horirrecp. It is mechanical ¢ 

Dr. Rerremeter. It is mechanical, primarily. 

Representative Hotirretp. But there would be the factor of plowed 
or disked land having the surface fallout carried down as deep as it 
is disked by rainwater pushing it down. 

Dr. Rerremerer. This is possible—except, as we have indicated 
here, the movement of strontium under rainfall is relatively slow. 

With the large amounts of contamination we are thinking of here, 
there might be a substantial movement of strontium because so much 
was initially deposited. 

Representative Hortrrecp. And the same way, in the cutting of 
crops that had been exposed to a heavy fallout, you would contem- 
plate moving the stems and the leaves and so forth completely off 
the land and burning in an isolated place in order to concentrate the 
radioactivity off the vegetable-growing land. 

Dr. Rerremeter. By burning, or some other disposal method. 

Senator Aiken. Doctor, would there be a possibility that you could 
develop some machine that you could drive over the land that has 
a particular attraction for fallout particles that would just scoop 
them up and carry them toa safe place somewhere ? 

Is that carrying imagination too far? 

Dr. Rerremerer. This would be a novel method of decontamina- 
tion. In some cases some of the fallout particles are magnetic. Per- 
haps a strong magnet might remove some of the magnetic particles. 

Senator Arken. I think that would be entirely possible, and nec- 
essary, as well. 

Representative Horrrreip. I can understand the Senator’s concern 
about that thin topsoil in Vermont. In California we have such 
thick topsoil that we can easily spare the top 2 inches. 

Senator Arken. We can grow bigger crops on 2 inches of our top- 
soil than you can on 2 feet in some places. 

Senator Hotirietp. Thank you very much, Doctor. 

Dr. Rerremerer. Thank you, Mr. Chairman. 

(Dr. Reitemeier’s formal statement follows :) 


SOIL AND PLANT RELATIONSHIPS OF FISSION PRODUCTS 





R. F. Reitemeier* 


Introduction 

The fission products contained in fallout particles enter the food chain 
of man primarily through plants and soils. Some particles are deposited 
initially on the plants, the remainder on the soil. It is proposed to dis- 
cuss here mechanisms of intake of fission products by plants, reactions with 
soils, and land reclamation and decontamination measures. 

A fraction of the particles deposited on food crops will be ingested 
by animals ani humans if surface decontamination measures are not employed. 
Rain and wind will move some of the particles from plant to soil. ‘The ex- 
tent of this movement will depend on the shape of the plant ani the character- 
istics of the plant surfaces. Actually, the meteorologiqal conditions oc- 
curring during the fallout affect the initial distribution of particles 
between plant ani soil. Fallout during a moderate or heavy rain, for 
example, will be expected to be deposited on the soil to a greater extent 
than is dry fallout. The particles remaining on the plants are subject 
to dissolution, to a degree governed by the solubility characteristics 
of the particles and the weather conditions occurring after deposition. 
Light rains, mist, fog, and dew increase the opportunity for dissolution. 
Same of the fission products made saluble by this action are abserbed 
into the plant, and a fraction of these may be translocated to other parts 
of the plant. 





*Seil Scientist, U. S. Atomic Energy Cammissien and U. S. Department 
-ef Agriculture 
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Subsequent rains may leach some of the absorbed radicisctopes fran 
the plant emte the soil. These, being already in a soluble ferm, can 
participate immediately in the reactions with the soil. Those isetopes 
in particles depesited on the seil must first be liberated by solution 
of the particles, by water, acids, or exchange-reactions. The mepilized 
fission preducts in the soil are then free, to varying degrees, to move 
through the seil, ani to enter plant roots and be transperted to other 
plant parts. 

Some of our present knowledge has been obtained under actual fallout 
situations, the rest with completely soluble sources of radieisotopes. 
In the latter case, it is presumed that maximal biological availability 
of the isotepe is manifested. 

Foliar Absorption 

The extent of absorption of a raiicisotepe by abeveground parts of 
plants is usually determined by spraying or painting a particular part, 
er the entire aerial portion, with a salution containing a known amount 
ef the isotope, and after washing er skinning, measuring the residual 
amount of radioactivity by Geiger counting or radicautography. Trans- 
location of the isotope following abserption is detected in a similar 
manner, by treating only one plant part and later measuring the radie- 
activity in various other parts. Moderate absorption of isctopes of 
strontium, barium, ruthenium, ani rubidium by the foliage of bean, beet, 
and tomate plants has been demonstrated (19). ‘The translocation of the 
absorbed strontium te other parts, however, was very slight, and negli- 


gible in the direction of the roots. Absorption of radiestrontium into 
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temato fruits from applications painted on their surfaces also occurred, 
as shown by radionutographs. The moderate leaching of roet-absorbed strontim 
90 from leaves by water sprays also has been established (18). 

Following applications ef selutions containing strontium 90, ruthenium 
106, cesium 137, and cerium 144, to seme leaves of sunflower ani kidney 
bean plants, the movement ef cesium te the other leaves and other above- 
ground parts was one hundred times as great as that of the other isotopes 
(5). Middleten (8) found that radiostrontium sprayed on the foliage of 
wheat, potato, bean, cabbage, sugar beet, and swede plants moved to un~ 
treated parts te only a limited extent, while radiocesium moved to all 
parts ef the plant. The spraying of radiostrontium on immature heads of 
wheat effected a wuch higher strontium content of the grain than did 
spraying of plants before emergence of the heads. 

Stem-Base Absorption 

The relatively high strentium 90 content of the foliage of permanent 
grass pastures in the United Kingiom has not been explainable by seil 
uptake or foliar absorption. The concentration in the grass of same 
pastures appears to be ten times as high as would be expected by way 
ef the soil. A further meqhanism, called stem-base absorption, has 
been prepesed te explain this situation (16). Established grass pastures 
in humid climates develop a reoet mat censisting of upper roots, the 
basal pertion of the stems, and other organic matter. This mat lies jwt 


above the seil surface. Accerding to the propesed theery, it intercepts 


strentium 90 washed from the surfaces of the grass leaves by rain, and 














a 
t 
vi 
f 





FALLOUT FROM NUCLEAR WEAPONS TESTS 1273 
detains it lemg eneugh fer a considerable fractien to be abserbed inte 
the reots er stem, ani transported inte the leaves. Soil reactions 
which would reduce the availability ef strontium te reets, as aiserptien, 
fixation, and dilutien with calcium, are thereby avoided. A consequence, 
in additien te the increased efficiency ef uptake by the grass, is that 
the strontium 90 centent ef the plant depends primarily en the current 
rate of deposition ef fallout ani net on the cumulative ameunt of stron- 
tium 90 in the seil. ‘This mechanism would be expected te be less in- 
pertant in other areas. Pastures in the United States, for instance, 
are replanted relatively frequently, and the vegetation usually is a 
legume er a grass and legume mixture. 

Seil-Flant Factors 

The customary problem in seil fertility is the increase ef uptake 
ef chemical elements by plants. The main goal of research on radieactive 
centaminants, however, is the reduction ef uptake of elements. ‘The ab- 
serptien of a radieisetepe frem seil by plant roots requires the siml- 
taneeus occurrence ef three cenditiens. The isetepe must be in the 
active reet zene ef the plant, its binding te soil particles mist not 
be toe tight, and the plant must have a mechanism for the abserptien 
ef the particular element. Most fissien products of greatest importance 
in the foed chain, fer example strentium, cesium, barium, ruthenium, ani 
rare earths, occur in seils and plants as catiens, pesitively charged 
atoms. They become attached te soil particles, to varying degrees, by 
such reactions as adsorption, cation exchange, and chemical precipitatien. 


Of this group of elements, strontium is consistently found te be absorbed 


the mest. The ethers are absorbed only to a relatively slight extent. 








1274 FALLOUT FROM NUCLEAR WEAPONS TESTS 

Strentium behaves similarly te the chemically related nutrient element 
and impertant exchangeable catien, calcium. Where beth the exchangeable 
strontium and calcium are wunifermly distributed through the entire rect 
zone, as in most pet experiments, the ratie of the two elements in the 
shoots is appreximately the same as on the exchange complex of the soil 
(13), that is, discrimination between the twe is slight. In the field, 
hewever, the strontium 90 ani calcium seldem are. mifermjy distributed 
in the reot zeme ef any crep. Further, the root habits of crops vary 
with seil condition. Where the strontium 90 is lecated near the soil 
surface, shallow reeted crepg, as many grasses, will have a higher 
strontium te calcium ratie than deeper rooted crops (9). Where it has 
beer moved to a lewer depth, as by plewing, the ratie in shallew rested 
crops will be reduced. 

Dilutien ef the strentium 90 by natural or applied available calcium 
eften reduces the strontium 90 centent of the crop. In this country 
differences among seils are more striking than effects of liming of a 
particular acid seil. The range of natural exchangeable calcium levels is 
wide, while even in very acid soils the exchangeable calcium level 
usually can be raised only several fold by lime applications. Additions 
ef lime in excess ef the cation exchange capacity are ef ne benefit (14). 
It is currently recommended that lime be applied enly in amounts ex- 
pected to provide better creps (2). 

Fertilizer applicatiens have diverm effects on the uptake of fission 
preducts fram soils. WNitregen fertilizers were found te increase the 
strontium 90, cesium 137, ani cerium 144 centent of eat plants, but 
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phespherus fertilizer decreased the cesium 137 uptake (5). Potassium 
additions have been reperted te reduce the uptake of radiostrentium 
by radish plants (6) and wheat plants and the uptake of cesium 137 
by wheat and pea plants (5). ‘These effects of petassium are in ac- 
cerdance with the depressing effect of excessive potassium on the 
uptake ef calcium and with the chemical similarity of potassium ani 
cesium. 

The uptake of cesium from soils usually is only one-hundredth 
te one-tenth as great as that of strontium (15). ‘This apparently 
results primarily frem the fixation of most of the cesium in a noen- 
exchangeable form (11), that is, not extractable by concentrated salt 
solutiens. Current experiments by Overstreet (12) suggest that radie- 
cesium in lew concentrations may be irreversibly fixed by precipita- 
tien in the crystal lattice of the surfaces of micaceous minerals. 
This is a different precess than those causing the fixation ef large 
amounts ef cesium, potassium, and ammonium. 

The possibility ef a mechanism for the non-exchangeable fixation 
ef strontium 90 alse has been under investigation. In order te be of 
appreciable benefit in the reduction of uptake, most of the strontium 
eventually would have te be fixed. the other hani, even a rela- 
tively slew rate ef fixation might be impertant, because of the 28 
year half-life ef strontium 90. Certain experiments have show ne 
reductimef availability ef strontium to plants with time (1, 4). 
Intensive extraction ef California soils with cencentrated calcium 
chloride and ammonium acetate solutions removed all but several per- 


cent of radiostrontium applications, but this dees not precluie the 


pessibility of long-time fixation effects (17). Salt extractiens of 
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seils centaining strontium 90 from fallout er applications of strontium 
89 have shown a greater retention of radiostrentium by southeastern 
seils than by Ghie soils (13). Efforts te determine the existence of 
slow fixation reactions, and ef more rapid precipitatien reactions by 
the addition ef chemical cempeunds, are continuing. 
Land Reclamation 

If agricultural lanis suddenly became extremely cemtaminated with 
fissien preducts, especially strentium 90, drastic reclamation methods 
might have to be employed. Twe possible appreaches which have been 
investigated are the leaching of the strontium below the reot zone, 
and the remeval ef centaminated creps and surface soil from the land. 

Under leaching with rain, the downward movement ef strontium is slow. 
During the first years of the strontium 90 monitoring program, the 
strentium 90 was lecated primarily in the zero to two inch layer ef 
uncultivated seil. Since then, increasing fractions of the tetal are 
found in the twe te six inch layer (3). In experimental soil colums, 
a dilute calcium concentration, as eccurs in many irrigaticen waters, 
has been found te increase the rate of leaching of radiostrentium over 
that due te rain (10), but enermeus volumes of such water would be re- : 
quired te meve most ef the strontium below the root zones of mest 
seils. Although large applications ef acids and salts te seils in 
outdeor lysimeters meved radiostrentium te considerable depths, it 


was cencluded that the cest for treating large areas would be exces- 


sive (12). 
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The physical remeval ef contaminated creps ani seil weuld be mest 
effective immediately after the falleut, because with time rain weuld re- 
distribute particles and leach fissien preducts inte the seil. Field 
experiments in 1958 injicated that the harvesting ef centaminated rew 
creps, such as seybeans and suilan grass, can remeve abeut three-quarters 
ef the centaminatien (7). Cutting and relling ef bluegrass sed and 
raking ef heavy mulches remeved over 90 percent. The mest effective 
seil remeval precedure tested was the scraping of level harrewed seil 
by a read grader, which remeved virtually all the applied radieactivity. 
Disked er plewed land was less easily decontaminated. 
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Representative Hovretnp. Our next witness is Dr. C. L. Comar, 
Cornell University. 

Now we come to the subject of animals, persons—discrimination or 
rejection, as we call it, Senator. I think your word is better. 

Senator Arken. Rejection rather than discrimination. 

Representative Horrrieip. Yes. We use that so much in civil rights 
legislation, I think rejection is better. 

Senator Aiken. Discrimination is a kind of tricky work around 
here. 

Representative Houirie.p. Doctor, you may proceed. 


STATEMENT OF DR. C. L. COMAR,* CORNELL UNIVERSITY 


Dr. Comar. Mr. Chairman, members of the committee, you have my 
statement before you. In the interest of economy of time, I propose to 
read through it rather rapidly, perhaps skipping some of the parts 
that you can read for yourself. 

This statement is limited to consideration of the mechanism by 
which the important fallout radiocontaminants move through the food 
chain to become deposited in the human population. Many of the 
details have been reported in the scientific literature (see references) 
and have been mentioned in whole or in part during the 1957 hearings 
of this subcommittee. It is the intention to present an overall concept 
of these mechanisms, to indicate where the uncertainties and disagree- 
ments lie, and to emphasize any change of concepts or data during the 
past 2 years. In order to permit more detailed discussion, many as- 
pects considered less important have been omitted. It should be noted, 
however, that in their work scientists are giving considerable attention 
to any situation that may conceivably have a bearing as insurance for 
future welfare. 

Actual experimentation with fission products in farm animals was 
started as early as 1948 by the writer in a program supported by the 
U.S. Atomic Energy Commission. Even t ough there was no recog- 
nition of the fallout problem as it now exists, there was at that time an 
intuitive feeling that we should develop more data about the behavior 
of the “bone seeking” fission products in the food chain. Since that 
time, studies have been done with radioisotopes of strontium, cesium, 
iodine, and others, using beef cattle, dairy cattle, sheep, swine, poultry, 
and so forth, in addition to laboratory animals. In later years, vari- 


*Date and place of birth: Mar. 28. 1914, Dudley, England, naturalized 1941. Education: 
B.S. in chemistry, University of California, Berkeley, 1936; Ph. D. (agricultural biochem- 
istry), Purdue University, 1941. Work history: Research assistant, Michigan State Uni- 
versity, 1941-43; biochemist, University of Florida, 1943-48; laboratory director of the 
University of Tennessee—AEC agricultural research program, 1948-54; chief of biomedical 
research, Oak Ridge Institute of Nuclear Studies, 1954—57; professor of radiation biology, 
and director of the laboratory of radiation biology, New York State Veterinary College, 
Cornell University, 1957-. 

In recent years Dr. Comar has served on many international committees and is presently 
a consultant on matters of radiation and health to the United Nations Food and Agricul- 
ture Organization, United Nations Scientific Committee on the Effects of Atomic Radiation, 
American Institute of Biological Sciences, Health and Safety Laboratories of the USAEC, 
U.S. Public Health Service, Cincinnati, Oak Ridge Institute of Nuclear Studies, and the 
Stanford Research Institute. 

Dr. Comar was one of the first to do radioisotope research with farm animals, and for 
many years has been conducting studies on the movement of fission products through the 
animal phase of the food chain. He is the author of over a hundred scientific papers deal- 
ing with these subjects and of a textbook entitled “Radioisotopes in Biology and Agri- 
culture.” He is also editor of an AAAS symposium volume entitled “Atomic Energy and 
Agriculture” and a book in preparation entitled ‘‘Mineral Metabolism—An Advanced 
Treatise.” 
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ous phases of this program have been supported by other agencies in 
addition to the Atomic Energy Commission ; namely, the Department 
of Defense, the Department of Agriculture, and the Public Health 
Service. 

The ideas presented here, it should be noted, have been derived from 
longstanding associations with many colleagues whose names are to 
be found in the reference citations and are well known in the liter- 
ature. 

Studies of the metabolism, movement, and effects of fission prod- 
ucts in the food chain may be of value in the following ways: 

(a) Predictions are made possible of the relationships between 
the level of radioactivity in parts of the food chain and the level to 
result in the human population, 

(5) A point of departure is provided for the study of ways by which 
the levels in the human population may be minimized. 

(c) A basis is provided for setting up environmental sampling pro- 
grams and for interpreting the results. 

(d) Results with animals are made available and may have to be 
used where direct observations are not possible on human beings. 

(e) If environmental levels should ever become high enough to 
cause observable effects, it is most likely that effects would be seen first 
in the grazing animal population. 


RADIOISOTOPES OF IMPORTANCE IN ENVIRONMENTAL CONTAMINATION 


As shown in table 1, it is considered that iodine 131, barium 140, 
strontium 89, strontium 90, and cesium 137 will be of primary impor- 
tance from the standpoint of hazard to the human population from 
fallout. Other radioactive substances are of lesser importance be- 
cause of («) low fission abundance, (0) short half-life, and (c) non- 
entry into food chain. Before confining our interests to the radio- 


isotopes listed in table 1, however, a general comment or two may be 
in order. 


TABLE 1.—Radioisotopes of importance in environmental contamination 


Physical 

half-life 

Vee ot ng ee oe eee ae days... 8 
Berta | B60is 6 OLE FO ROR ate Ae eh ee 2. 
bmemtinee: Geis toe | i le ah Soe el oe Sesicc 1 El 
ape” ad EARS | Ee RR PT Pe? years._._ 28 
CU a ae do.... 30 


Xadioactive materials that are poorly absorbed by plants from soil 
and any that are poorly absorbed by animals from their feed may 
still reach the human diet as a result of consumption of vegetation 
carrying adsorbed radiocontaminants. Any hazard would result 

rom exposure of the gastrointestinal tract of man to radiation from 
the unabsorbable material passing through. Experiments with goats 
and dogs have indicated that this exposure would be small compared 
to the simultaneous exposure from materials deposited within the body. 
The reasons are: (a) relatively rapid movement of substances through 
the gastrointestinal trace; (b) absorption of the radiation by the in- 
testinal contents, thus giving a shielding effect ; and (c) the high prob- 
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ability that any radioactive substance adjacent to the mucosal tissue 
would be in contact with less active cells. 

The problem of carbon 14 in the food chain has not been studied in 
detail. It would seem that the specific activity of carbon 14 in the 
vicinity of plants would ultimately be reflected as such in the carbon 
of the human body. In the event of rapidly changing carbon 14 
levels, then, one would have to consider the timelag in passage of car- 
bon atoms from the vicinity of plants to the human population. Also, 
there is the matter of rates of carbon turnover. Work needs to be 
done along these lines, but these considerations appear to be of lower 
priority at this time. 

Representative Houirrevp. Is it not true that the carbon 14 element 
in the collection of isotopes is very, very small ? 

Dr. Comar. Yes, sir. 

Representative Hotrrieip. This is one of the reasons it is the small- 
est of the amounts in comparison with strontium and other long-lived 
isotopes, which makes it of not too much importance at this time. 

Dr. Comar. This is exactly why I suggest that this is of lower 
preeene I would only make the point that we should always try to 

farsighted and look ahead to any situations that may have a bear- 
en on. 
presentative Horirretp. For the purpose of the record, can you 
give us the half-life of carbon 14? 

Dr. Comar. It is of the order of 5,600 years. 

Representative HoLirretp. So we are very fortunate that there is a 
very little amount of it in the bomb explosion, are we not ? 

Dr. Comar. Yes, sir. 

Again turning attention to table 1 it is noted that iodine 131 and 


barium 140 have relatively short half-lives (8 and 13 days respec- 
tively) ; strontium 89, an intermediate half-line of 51 days, and stron- 
tium 90 and cesium 137 have relatively long half-lives of 28 to 30 years. 

Tables 2 and 3 indicate the metabolic behavior of these radioisotopes 
in the body. Iodine 131 is well absorbed, collects in the thyroid gland, 
and is fairly rapidly removed by physical decay and ogo action. 
Barium 140 and the two radioisotopes of strontium are only oe 

t 


absorbed, but most of that which is absorbed is deposited in the skele- 
ton. Barium 140 rapidly disappears by physical decay, and strontium 
89 in the skeleton decreases somewhat more slowly by the same process. 
Strontium 90 is slowly removed by physical and biological processes, 
and substantial amounts of any strontium 90 once deposited will be 
present throughout the life of the individual. The rate of removal 
would be faster in a growing individual than in a mature individual. 
Cesium 137 is well absorbed into the body, collects in muscle and 
other soft tissues, and enters cells in a manner similar to that of potas- 
sium. It is removed from the body by biological action with a half- 
time of removal that has been estimated at about 140 days in man. 


TasLe 2.—Metabolic behavior 


Iodine 131 Collects in thyroid. 
Barium 140, strontium 89, strontium 90 Like calcium, collect in bone. 
Cesium 137 Like potassium, collects in muscle. 
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TABLE 3.—Removal rate from body 


Jodine  3itsn 2 cs ened ss Fast. 

POON, Bic heen tices tt Fast (physical decay). 

DETOUR III cocci ntncneecien Relatively fast (physical decay). 
a ee ee Slow. 


eee, _......... Relatively fast (biological half-time of 140 days). 
THE FOOD CHAIN 


Figure 1 presents a schematic diagram of the major terrestrial 
pathways by means of which environmental radiocontaminants can 
reach man. The following list of possible pathways sums the infor- 
mation in this diagram: 

FIGURE 1 


FOCD CHAINS 


Environmental Radiocontaminants————_» Man 


ATMOSPHERE 


rs 
PLANTS 5 SOIL 


esa, 
i, ~-manaechipeiee 


} ee 


PRODUCTS 


(a) atmosphere to man ; 

(6) atmosphere to plant to man; 

(ec) atmosphere to soil to plant to man; 

(d) atmosphere to plant to animal to milk to man; 

(e) atmosphere to soil to plant to animal to milk to man; 

(f) atmosphere to plant to animal to animal products to man. 

(q) atmosphere to soil to plant to animal to animal products to man. 


Figure 2 summarizes the pathways that are important for the vari- 
ous radioisotopes. 
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FIGURE 2 


Main Pathways in Food Chain 


Atmosphere 


Iodine 131 Plants an 


J 


Animals ——__—} Milk 


Barium 140 Atmosphere — Plants ——>Animals 


J 


Milk —— > Man 


Atmosphere 
Strontium 89 
Strontium 90 vi 
Soil—————> Plants 
¢ wv Sa . 


~ 


Milk 


an 


Cesium 137 Atmosphere 


Plants ——_—__—_—_—_—_——_)_ Man 
Y wl i eg 


Animals 
Animal 
Products 


Iodine 131: Because of the relatively short half-life, the soil step 
is not important and only pathways (a) and (d@) are significant. 

Senator Arken. Does the amount of the contamination decrease 
with each step ? 

Dr. Comar. Yes. This depends entirely upon the specific radioiso- 
tope, and if I may defer your question particularly on strontium we 
will consider that in some detail in just a few minutes. 

Senator Arken. It never builds up though in the various steps? 

Dr. Comar. That is right. 

Barium 140: Again, because of the short half-life only pathway 
(d) is significant. 

Strontium 89, 90: Because of the low concentration in muscle tissue, 
the important pathways are (b), (ce), (d), (e). 
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Cesium 137: Because cesium 137 is fixed in soil and markedly un- 
available to plants, and because this radioisotope is deposited in both 
muscle tissue and milk, the important pathways are (0), (d), (f). 

Senator Arken. Does this include eggs? 

Dr. Comar. Yes, eggs. 

Consideration of the most likely pathways enables an appropriate 
choice of environmental samples. ‘These are summarized in table 4. 
It is noted that milk is useful for analysis of all the radioisotopes 
listed. With iodine 131 and barium 140 the radioassay must be car- 
ried through before loss of radioactivity by physical decay. It fol- 
lows from various physical and biological soiatlanateni that thyroid 
tissue is useful for monitoring of iodine 131 and whole body counting 
for monitoring of cesium 137. 


TABLE D.—Samples of importance for monitoring 


Somtee Metis sd. Plants, milk, thyroid. 
Bestum, 246G. ciasisnecui te Plants, milk. 

Strontium :-60_......._... 
Strontium 90____- in dal as 
Cesium 137 


| soit, plants, milk, dairy products, bone, aquatic food. 
Plants, milk, dairy products, whole body. 


Representative HonirreLp. From a practical standpoint, it has a 
broad application to children as a food? I have reference to the 
milk. 

Dr. Comar. Yes, sir. It is a good integrating type of sample. 

The matter of relative pathways in the food chain is extremely com- 
plex and table 5 lists some of the factors that must be taken into 
account, Mention is made here of these uncertainties to emphasize 


the need for more of our agricultural experts to apply themselves to 
such problems. 





TABLE 5.—F actors that determine importance of food chain pathway 


1. Soil (e.g., calcium level). 


2. Plant cover (e.g. heavy root mat may delay Sr reaching soil for dilution 
with soil calcium). 


3. Management (e.g. plowing depth, fertilization, barn feeding versus pasture). 
4. Dietary habits (e.g. proportion of milk in diet). 

5. Food technology (e.g. washing of frozen foods). 

6. Time pattern of contamination (e.g. if tests were stopped soil reservoir 
becomes more important). 

(a) Soil and climatic conditions: It is obvious that the soil charac- 
teristics, calcium level, terrain and meteorological conditons will have 
an important bearing on the amounts of various fallout contaminants 
that reach the plant via the soil, or that stay on the plant. 

(5) Plant cover: As an example, a heavy root mat may delay 
radiostrontium reaching the soil for dilution with soil calcium and 
lead to higher Sr*/Ca ratios in the plant than would otherwise be 
expected. (Sr* refers to any radioactive strontium. ) 

(c) Management: The levels of environmental contamination at 
various steps of the food chain in any given situation may well de- 
pend upon such factors as plowing and fertilization procedures and 
feeding practices (e.g., barn feeding, pasture, watering in shallow 
ponds). 

(d) Dietary habits and food technology: The actual amounts of 
radiocontaminants that reach the human body will depend upon such 
things as: (1) proportion of milk in diet, (2) amounts of leafy vege- 
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tables and extent of washing, and (3) use of frozen foods which are 
well washed. 

(e) Time pattern of contamination: At short times after produc- 
tion of radiocontamination, the shorter-lived radioisotopes such as 
iodine 131, barium 140 and strontium 89 may be of most importance. 
At longer times the strontium 90 and cesium 137 become more im- 
portant. If contamination ceases, then the soil reservoir becomes of 
more importance and direct fallout on vegetation is minimized. 
Thus the relative importance of the atmosphere to plant pathway 
versus the soil to plant pathway depends upon the accumulated soil 
reservoir as compared to the fallout rate at any time given. 

Representative Houirretp. This chart shows the simple activity of 
washing foods before frozen and packaged would eliminate a great 
deal of surface contamination. 

Dr. Comar. That is exactly right. And the removing of the outer 
leaves. If in one culture there was the practice of removing the outer 
leaves this would automatically remove a lot of the surface contami- 
nation. These are just a few of the more important variables. There 
are many others. 

I should like now to discuss strontium 90 relationships. 


STRONTIUM 90 RELATIONSHIPS 


Since strontium 90 is probably the most important of the environ- 
mental radiocontaminants, the remainder of the discussion will be 
mainly concerned with this substance. 

We are interested both in the amount of strontium 90 (Sr*) that 
reaches the population and the Sr 90/Ca ratio (strontium 90 to 
calcium ratio) as it is laid down in the human body. These quantities 
are interrelated; however, there are some advantages in dealing with 
Sr 90/Ca ratios. This is because exposure of the population occurs 
primarily by way of strontium 90 contamination of diets calcium, 
and strontium metabolism generally parallels and is interrelated with 
calcium metabolism. The amount of strontium 90 involved can al- 
ways be calculated from the Sr 90/Ca ratio when the amount of 
calcium is also known; stable calcium values are invariably deter- 
mined in experimental and survey work. 

Table 6 presents data that have led to an important concept. Ac- 
cording to the values for animals it is clearly seen that if the animal 
is raised on a diet of 100 strontium per 100 calcium then the body of 
the animal will contain about 25 strontium per 100 calcium. 


TABLE 6.—Comparative use of strontium and calcium 


| Diet Body 


Strontium* Calcium Strontium* Calcium 


RSSVRNES | 


Norte.—Observed ratio= OR for rat=0.28. 
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I think this is a reflection, Senator Aiken, of what you have called 
rejection and what we have called discrimination. 

The early data on rats were obtained by tedious incorporation of 
strontium 90 into the rat diet, and feeding animals on this contami- 
nated diet for two to three generations. These results have been 
confirmed by independent methods and are generally accepted. It 
should be noted that this ratio can be changed by artificial conditions, 
but one is impressed with the constancy of this ratio on commonplace 
diets. 

The values for man are particularly important and call for especial 
comment. Obviously, it has been impossible to do careful studies on 
numerous normal individuals as has been done with animals. Ex- 
amination of the work that has been done leads to the conclusion that 
the reduction in Sr/Ca ratio in man under usual conditions is prob- 
ably not less than two nor more than four; one group has recently 
reported a reduction of as high as 5.5 based on population studies. 
However, from the preponderance of data and from a conservative 
point of view it is recommended that a reduction value of between 
two and four be used until more definite data are available (i.e., if 
the diet contains 100 Sr* to 100 Ca then the body of man would be 
expected to contain 25-50 Sr* to 100 Ca). 

Senator Arken. I do not know what you use for units. They are 
not the same size units, are they? It would not be by weight. 

Dr. Comar. This is a very good point. In our experiments we have 
tried to make the situation comparable to the fallout situation. We 
have done the work so that these values will be valid for normal 
calcium levels in the diets as you or the animals would eat them, and 
the strontium units would be about the levels of strontium 90 that we 
would expect from fallout. So that if we put these in absolute 
amounts we would be talking about micromicrocuries of strontium 90 
per gram of calcium. 

Senator Arken. That refers to the calcium units in the diet and 
not the calcium units in the man, then. 

Dr. Comar. Yes. In the diet it refers to the calcium units in the 
diet. On the side of man it refers to the calcium units in man. Is 
that clear, sir. 

Senator Aiken. Yes. 

Dr. Comar. Table 7 presents some information on two factors of 
some import that may change the discrimination against strontium 
relative to calcium. In rats it has been definitely shown that very 
young animals do not discriminate as much against strontium. 
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TABLE 7.—Factors that change discrimination 
AGE 


Rats: 
15 days old__-.__- 
194 days old__- 
Man: ; 
9 to 73 years old i aw No change. 
ae ‘ No data. 











Rats: 
Nonmilk diet___- ele “ ; 100 
Milk diet__.._._- —_ . E f 100 
Man: 
Nonmilk diet 100 
Milk diet 100 


In the young rats we ended up with 78 strontium to 100 calcium as 
compared to adults with 48 strontium to 100 calcium. This would 
indicate that in very young individuals one tends to lose some of this 
discrimination. From limited studies on man the discrimination in a 
9-year-old child was the same as measured in adults up to 73 years of 
age. However, we have no data on very young children and this is 
another reason for conservatism. 

In rats it can be seen that milk in the diet tended to reduce the dis- 
crimination against strontium. However, from limited studies with 
man, milk did not appear to show as marked an effect as it did with 
rats. 

One notices in the rats 28 units of strontium for every 100 units of 
calcium, but on a milk diet it was increased and one got more stron- 
tium. This has been studied in fair detail and we think we know 
why this happens. 

Senator Arken. May I get straight on that milk diet and nonmilk 
diet ? 

Dr. Comar. Yes, sir. 

Senator Arken. On a milk diet, you can absorb more strontium 
than on a nonmilk diet, without harm. 

Dr. Comar. We are not talking about harm at these levels. There 
is no question of harm involved. This increased absorption does oc- 
cur and is one of the reasons that milk is such a good food. We find 
that calcium absorption itself is much better from milk than from 
other sources. It turns out that we lose a little bit of the discrimina- 
tion on the milk diet. 

I would emphasize that the data are not yet clear for man so that 
we really do not know whether this effect holds with man. There is 
a suggestion. 

Representative Hottrietp. There are two things involved here, as I 
see it. The milk is richer in calcium and the calcium has an affinity 
for strontium 90 which other elements do not have. As calcium is a 
bone seeker, it is more effective in the younger person who is building 
his skeleton structure than it is to the older person who is rejecting 
calcium but the natural process of not feeding to build a skeleton 
structure, is that not correct ? 
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Dr. Comar. This is essentially correct. It is a rather complex 
problem to explain the whole thing and I would rather not go into 
too much detail. 

Representative Hoxirrenp. When I make these summaries occa- 
sionally, it is for the layman who may try to understand something 
which is quite technical. If I at any time make a summary that is 
generally not right I hope I will be corrected. There will be no em- 
barrassment on my part. 

Dr. Comar. The physiological wae sey within the bodies of ani- 
mals and man that are responsible for the differentia] behavior of 
calcium and strontium have been widely studied. These findings are 
illustrated in the next table, No. 8. 


TABLE 8.—Processes that discriminate against strontium 


1. Absorption fedm alimentasy: cath.» bins bn tea Large. 
S. Urimary  CxcretiGth.. 2h Seid 4 cs ices agbbathenms Do. 
| ge ee ee ee ee Do. 
4 Movement Troms moter 00 Teewe.. .6 45a a iene Do. 
5. Movement between blood and bone___...-.._------------------~----- Small. 
6. Endogenous, biliary, pancreatic excretion_.._~-------.----.-------- Do. 


In general, processes that involve physiological handling and most 
likely active transport of calcium are the ones that tend to move cal- 
cium in preference tostrontium. The processes of known importance 
are: (a) absorption from the alimentary tract, (5) urinary excretion 
as a result of efficient tubular reabsorption of calcium and poor re- 
absorption of strontium, (¢c) secretion from blood into milk and (d) 
movement from blood of the mother to the developing fetus. These, 
then, are the processes that should be studied if one wants to alter 
artificially the differential behavior of calcium and strontium. 

The Sr/Ca ratio that is developed in the fetus is shown in table 9. 
It is noted that the diet of the mother rat contains 100 strontium-100 
calcium, the body of the mother contains 28 strontium-100 calcium, 
and the developing fetus then contains about 17 strontium-100 cal- 
cium. Similar data have been obtained with rabbits, and strontium 
90 survey data of human stillbirths confirm the idea that the fetus 
will have about one-half the Sr/Ca ratio of the mother. 


TABLE 9.—Comoparative secretion of strontium and calcium in fetus of rat 





Sr* Ca 
Lf eee ee eee entailed tase eacen ae 100 100 
Body of mother____-_- accep bles asm cascade aney atone aitil ssheieniadins saleahiatdieitecien 2B 100 
BN OO aio ic cda seh isn cinne da bnncodedbakonnonascliiomieanee 17 100 





More specifically, if I might add, the diet of the mother during 
the period of gestation will really determine the strontium-calcium 
ratio in the fetus, and this may have a practical implication. 

_ The comparative secretion of strontium and calcium in the milk 
is very important from a practical standpoint. 

Representative Horirretp. May I stop you for a question that just 
came up between Congressman Durham and me. Does the strontium 
i. deposit in the fetus have somatic effect or genetic effect on the 
etus ¢ 
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Dr. Comar. This is a little out of my field. I would guess that the 
effect would be somatic at that time. 

Representative Hovirretp. But in the case of an X-ray of a pro- 
spective mother, the fetus would be more susceptible to harm than the 
mother would, would that not be true? 

Dr. Comar. Again I am not sure. I would think that there might 
be an increased radiosensitivity certainly in the embryo. I think 
this is true, that there is an increased reeiemiali at these times. 

Representative Hoxrrrecp. I think there have been some studies 
on that although I am not quite sure. 

Senator Arken. I notice in your statement, Doctor, at the bot- 
tom, you say that actual amounts of radiocontaminants that reach 
the human body would depend on such things as the proportion of 
milk in the diet, amounts of leafy vegetables, and extent of washing 
and use of frozen foods. What does that mean with particular 
reference to the proportion of milk in the diet ? 

According to one of your charts if the calcium is absorbed through 
milk, it is better than to absorb it in some other way. This state- 
ment could be interpreted as belying that. 

Dr. Comar. Again may I defer this for later discussion because 
I am going to discuss exactly this point as to what the milk con- 
tributes compared to what the vegetation and the others contribute. 

Senator Arken. Very well. 

Representative Hotirretp. You may proceed, sir. 

Dr. Comar. Table 10 shows that if the diet of the lactating cow 
or goat contains 100 strontium per 100 calcium, then the milk will 
contain about 11 to 12 strontium per 100 calcium. These findings 
have been confirmed many times and are generally accepted. We 
do not have values for human milk, and these would be helpful in 
evaluation of the body burden of strontium 90 that will develop in 
the breast-fed child. Arrangements are now in progress by the 
New York Health and Safety Laboratory of the Atomic Energy 
Commission to obtain actual data on mother’s milk. 


TABLE 10.—Comparative secretion of strontium and calcium in milk 


Ca 


100 
100 
100 


We think that this information will be forthcoming before too long. 

It may be of interest to show what happens to the strontium 90 
that is eaten by the dairy cow. As seen in table 11, about 95 percent 
is excreted in the feces, about 1.5 percent in the urine, and about 0.9 
percent appears in the milk. Each liter (or quart) of milk contains 
about 0.1 percent of the amount of strontium 90 eaten daily by the 
cow. These are results of a recent experiment on 10 dairy cows, sup- 
ported by the U.S. Department of Agriculture. 
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TABLE 11.—Fate of strontium 90 eaten by cow 


Milk (percent of daily dose/liter) 
Milk (percent of daily dose/day) 
Feces (percent of daily dose/day) 
Urine (percent of daily dose/day) 


EFFECT OF DIETARY CALCIUM AND STRONTIUM ON STRONTIUM METABOLISM 


It seems important to have an understanding of factors that govern 
the movement of strontium in the food chain. The first considera- 
tion would naturally be the level of stable strontium in the diet. 
Experiments have shown, however, that levels of stable strontium in 
the feed of animals necessary to cause any significant decrease of 
ingested strontium 90 are detrimental. 

The next step is to ascertain the effect of calcium levels. Table 12 
shows the veoiita of a study just completed on dairy cows and goats 
that had been placed on varying levels of calcium. It is noted that 
regardless of the level of stable calcium or strontium in the diet, there 
was obtained the same value of 9 to 12 Sr* per 100 Ca as compared 
to 100 Sr* 100 Ca in the diet. The implications of this are indicated 
in table 13. If a cow is fed a diet containing 100 strontium to 100 
calcium then the milk will contain about 12 strontium to 100 calcium; 
according to the concept of the previous table if the diet of that cow 
were supplemented with stable calcium to contain 100 strontium to 200 
calcium, the behavior would be the same as for 50 strontium to 100 
calcium, and the milk would contain only 6 strontium to 100 calcium. 


TABLE 12.—Effect of calcium level 





Cow: 
Low calcium 
Normal calcium 
Seen ONS Oh dk ds sdk a a4 cinch emebee 
High strontium 
Goat: 


High calcium 
High strontium 


TABLE 13.—I mplications of raising dietary calcium. 


Senator Arken. May I ask if the strontium would remain in any 
part of the cow except the milk? Would it leave the cow or would 
it be in the meat ? 

_ Dr. Comar. There is a definite pattern of deposition of strontium 
in animals and a certain proportion stays in the body. I would say 
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possibly 98 percent of that which stays in the body is in the bone and 
the rest would be circulating in the blood and muscle tissue. The 
amount in the meat would be very low. 

Representative Price. If se hail three times the number of stron- 
tium units as against calcium units, what would be the result. 

Dr. Comar. We feel that if one does not change the mass the 
same relationships would hold. So if you had 300 units of strontium 
to a hundred units of calcium then you would end up with 36 units 
of strontium to a hundred units of calcium. 

Representative Price. That is theory. 

Dr. Comar. It is more than theory, sir. I think that there are 
actual experiments that would support this contention. The im- 
portant thing is that if we then raise the calcium level compared with 
the strontium we would essentially have the strontium level in the 
milk compared with the calcium. I think you can see the possible im- 
plications here. This would be one possible way of lowering the 
strontium to calcium ratio in the milk. 

Table 14 gives the results of a relatively long term study in which 
rats grown on a higher calcium diet accumulated a lower body burden 
of ingested radiostrontium than those grown on lower calcium diets. 


TABLE 14.—E {fect of dietary calcium level on Sr* retention 


cium in diet ingested Sr* 
in rat 


| Percent cal- Percent of 


It must be noted that there is disagreement among workers about 
this sort of result. These arise mainly from experimental difficulties 
in evaluation of long-term effects from results of short-term studies. 
Active experimentation is underway, however, and the practical im- 
plications will one day be properly understood. 

It should be emphasized at this point that from the standpoint of 
human nutrition there is no better recommendation than presently ac- 
cepted practices. If ever necessary, it would be more practicable to 
modify the diet of the milk-producing animals than that of the hu- 
man population. 
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I would under no circumstances want to leave the impression that 
the behavior that we have been talking about here should be advocated 
for human use or even for animal use at this time. This is informa- 
tion that people should know about and follow. 

Senator Arken. Does this mean, Doctor, that the time is coming 
when every one will carry a package of pills in his pocket and if they 
have reason to believe that they have gone through fallout take a 
couple of pills and mitigate the effect of it. That chart would indi- 
cate such would be possible. 

Dr. Comar. This is why I should like to make the very strong state- 
ment and repeat what I have just said; this is experimental work. 
There are many other nutritional and physiological factors that would 
have to be taken into account before one could recommend this type 
of thing asa practical approach. 

Senator Arken. But this would indicate the possible opening of 
a new field for medicine, would it not ? 

Dr. Comar. This indicates, as you suggest, sir, an approach that 
people might investigate. 

Representative DurHam. The thing to do is to do away with 
strontium 90. 

Dr. Comar. This certainly would be preferable. 


RELATIONSHIPS BETWEEN SR/CA IN THE VEGETATION AND IN THE HUMAN 
POPULATION 


It is possible to make some estimates of the relationships that will 
exist between the Sr/Ca ratio of the vegetation and that in the human 
population when steady-state conditions have been attained. We have 
chosen to use vegetation as a base because of the uncertaintities and 
exceedingly long times that will be required for steady-state distri- 
bution to be attained in soil. 

At any given time the relationships are best established by analysis 
of appropriate samples. Under future steady-state conditions, the 
relationships can be derived from studies of stable strontium to cal- 
cium ratios and the type of experimental work already described. 
At intermediate times one can only modify the steady-state relation- 
ships by educated guesses from present day surveys. 

Figure 3 presents an estimation of the relative contributions of cal- 
cium and radiostrontium from dietary constituents in the United 
States. It appears that the sources of dietary calcium are approxi- 
mately as follows: 4 percent from cereals, 16 percent from other plant 
products, 75 percent from dairy products, and 5 percent from meat, 
fish, eggs, etc. 


42165 O—59—vol. 2———23 
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FIGURE 3 


Contribution of Dietary Calcium 
and Sr* to Man at Equilibrium 


Lg 
of Ca 
Cereals MAN 


10% of Sr* 


QO 


Other 16% Ca 
Plants MAN 


Log Sr* 


75% Ca 
mp 45h Sr* 


Sr MAN 
Fish 734 


You will understand these are overall estimates and various peo- 
ple’s estimates differ but in the main they are of this order. 

It can be first noted that meat, fish, and eggs contribute to the 
calcium and strontium content of the diet to only a small extent and 
are therefore not considered further. If the plant material of the 
biosphere has the same Sr/Ca ratio, then milk, while contributing 75 
percent of the calcium would contribute only 45 percent of the radio- 
strontium; plant material would contribute about 20 percent of the 
calcium but 50 percent of the radiostrontium. 

It is emphasized, therefore, that under these conditions the con- 
tribution of milk should be placed in proper perspective. 

As I have heard the other speakers, this point has been made before, 
and I think it is an important one. We cannot assume that because 
milk contributes the major part of the calcium that it contributes the 
major part of the strontium. 

enator A1xen. That chart shows that the percentage of strontium 
in proportion to the amount of calcium is less through milk than the 
other foods. 
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Dr. Comar. Yes, sir. 

The same considerations are presented in a more usable form in 
table 15. This represents a scheme by means of which one can cal- 
culate using discrimination factors of each part of the diet. I shall not 
go into detail except to indicate that one comes to a conclusion that 
the overall reduction in strontium calcium ratio from the vegetation 
to the human body is about a factor of 10. Other people have esti- 
mated in this region and there seems to be agreement that there is only 
a slight chance that such a reduction factor could be as low as 5 or as 
high as 20. 


TABLE 15.—Relation between Sr*-Ca of vegetation (100 Sr*-100 Ca) and Sr*-Ca 








of man 
Percent of Plant Diet Sr* per 100 
Ca from product body Cain body 
Pee ee ee ea ee 4 1 0. 25 1.0 
Go ee ee Ja weeee A aldescconee 16 1 . 25 4.0 
pt Rae ees ae Po Pea 75 -12 .5 4.5 
EE I hain igptn Seine nes iamentbases 5 2) 25 .3 
Ten AH Wn We Obs sao has. BUS A ee | 10 


I would like to point out that these data can easily be modified if 
there is some knowledge as to special conditions. For example, if a 
child were getting 100 percent of its calcium from milk, then it can be 
calculated that the strontium to calcium ratio in its body would be 6 
units of strontium per 100 of calcium instead of 10. 

Similarly, these figures can be modified if, for example, the cereals 
were found to average higher and the vegetation that man eats was 
found to average lower than the vegetation that the cow eats. 

This, then, represents a way of evaluating the contribution of the 
various parts of the diet. 

Table 16 presents two other important situations. Because of pla- 
cental discrimination against strontium, it is expected that the new- 
born would have about one-half the strontium-calcium ratio existing 
in the blood of the mother during the period of fetal calcification. It 
should be remembered that it is the diet of the mother shortly before 
and during the gestation period that is the most important factor. 


_1 The same considerations are presented in a more usable form in table 15. By multiplica- 
tion (for each food contributor of calcium) of the following (a times b times c), one arrives 
at the contribution of each food item to the body in terms of amount of strontium per 100 
pe ~ the body, assuming again that all plant material contained 100 strontium per 

ealcium : 
(a) The percent o calcium that the food contributes ; 
(b) The biological discrimination factor in going from the plant to the food contributor ; 


an 
. (c) —_ biological discrimination factor in going from the food as consumed to the 
uman y. 
_ The first point is that one arrives at an overall reduction in Sr/Ca ratio of about 10 
in going from the vegetation to the human body. This seems reasonably conservative ; 
there is agreement that there is only a slight chance that the reduction factor could be 
as low as 5 or as high as 20. 

The data as arranged in table 15 can easily be modified if there is some knowledge as to 
special conditions. or example, if a child were — 100 percent of its calcium from 
milk, then it can be calculated that the strontium-calcium ratio in its body would be 6 


strontium per 100 calcium instead of 10 strontium per 100 calcium (100X0.12x0.5=6). 
Similarly, these figures can be modified if, for example, the cereals average higher and the 
vegetation that man eats average lower than the vegetation that the cow eats. 
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TABLE 16.—Relations between Sr*-Ca of vegetation (100 Sr*-100 Ca) and Sr*-Ca 
of newborn and 6-month-old 


I. (Sr*-Ca) of newborn=% (Sr*-Ca) of mother. 

II. Breast feeding may decrease Sr*-Ca of young child by factor of 10 as com- 
pared with formula feeding. 

It is emphasized that breast feeding of the infant instead of using 
cow’s milk will markedly lower the strontium-calcium ratio that is 
laid down in the infant. This is because of the added discrimination 
that takes place os passage of the calcium through the mother’s 
body to the mother’s milk 


METABOLISM OF CESIUM AND POTASSIUM 


The comparative metabolism of cesium and potassium have not been 
studied in as much detail as for strontium and calcium. 

Some recent data, however, are presented. Table 17 shows the fate 
of these two elements when ingested by the dairy goat. About 6 
percent of the ingested radioactive cesium appears in the milk; other 
a a dairy cows has given values of up to 13 percent appearing 
in the m1K. 


TABLE 17.—Fate of cesium 137 and potassium eaten by goat 
Potassium Cesium 


4.4 6. 
ioe cel ic i ltr once go ces tnd ei tes cate n a nastI aca 35.0 21. 
SOI ik 5s: sncpihdnisi scat teins ack desdids cs inaenenaaeetocia emcee eee eaaeaee ioe artesian 6.0 32. 


ooo 


Table 18 presents data on comparative metabolism of the two ele- 
ments based on a diet of 100 cesium—100 potassium. It is of inter- 
est to notice that there is a preferential secretion of cesium into milk 
as compared with potassium. The cesium-—potassium ratios among 
tissues appear to vary considerably, indicating that the comparative 
mmtenene behavior is more complex than it is for strontium and 
calcium. 


TABLE 18.—Comparative metabolism of cesium and potassium in goat 





Diet Metabolism 
i iil ditiddal ating ape. nibtchiinetste ible sigh <n anidedtsutids dtl 100 Cs-100 K__.__.| 140 Cs-100 K. 
EON EN celina tthb abxnscsdcnas< sch gums edeatotha=«dedtoesubdendl lon, demesne sober 90 Cs-100 K 
PUN: cckitccttenahabetgnamsktiidn thhiwapates diesen s dobbs diene __ ree 50 Cs-100 K. 
Gown vane nscccnccnesanconcesensanucdeqegied Debdieneamieaelicdtel i cncubasdiirs aniabl 120 Cs-100 K. 
IT bie bettie et) nckén anima ddd sab ng Suleman tek breededins oun Mincéentshiotenu 360 Cs-100 K. 


POSSIBILITIES OF REDUCING STRONTIUM 90 LEVELS 


The possibilities of minimizing strontium 90 movement in the food 
chain by treatments of soil have been discussed by others. Practical 
steps to reduce the strontium 90 burden in the population by proce- 
dures with man and animals would require considerable research 
along nutritional and physiological lines. The following are sug- 
es as possible approaches for further work; none are now prac- 
ticable. 
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(a) Use of uncontaminated calcium to contribute a maximum pro- 
portion of the dietary calcium of animals and man. 

(6) Increasing the biological discrimination against strontium rel- 
ative to calcium. 

(c) Avoidance of surface-contaminated vegetation or thorough 
washing. 

(d) Tise of plants low in calcium relative to calorific value. 

(e) Increasing the intake of uncontaminated calcium, primarily in 
milk-producing animals, 

if) Removal of strontium from food products. 

. Chairman, in conclusion I would only say that much of this 
work is experimental and we hope has led to some understanding. 
I would reemphasize that from the nutritional standpoint our best 
bet is to follow the practices that now seem to be accepted. 
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Representative Hotirretp. Thank you, Dr. Comar. 
Are there any questions? : 
Representative DurHam. Doctor, is the university doing the work 


on its own, or does it have a contract with the AEC? 
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Dr. Comar. Cornell University is doing this work with contracts 
from several Government agencies; from the Atomic Energy Com- 
mission, from the Department of Defense, and from the Department 
of Agriculture. We also have some small construction funds from 
the Public Health Service; and the AEC has also given us some con- 
struction money. 

Representative DurHAM. You have given us a very interesting dis- 
cussion of the whole problem. What is your staff? Is it a university 
staff or is it part time or full time? 

Dr. Comar. Sir, we endeavor to have our staff become an integral 
part of the university. We feel they can do their best creative work 
under a university atmosphere. We do have the problem, if I may 
mention it, of continuity; our contracts run year by year, and we 
hope that they will always be renewed. But this is a real problem, to 
get scientific personnel and ask them to come to work when they have 
to be paid from a contract that comes year by year. 

Representative Duruam. Is there any other university doing the 
same type of research work at the present time? 

Dr. Comar. Yes, sir. There are other universities that are doing 
this work. Much of this work was done in the program at the Uni- 
versity of Tennessee, when I was associated there, at the University 
of California, and many other agricultural people are getting inter- 
ested in this type of program. 

Representative DurHam. It is a very important field, of course. I 
hope we pursue it with vigor. 

epresentative Hotirretp. Thank you very much, Dr. Comar. 

Dr. Comar. Thank you, sir. ' 

Representative Ho.irietp. I might say for the benefit of our audi- 
ence that we are putting a biography of each of these witnesses in the 

rinted record, and Dr. Comar has a very distinguished record—as 

1ave the other witnesses. He has been a consultant and is now, I 
think, on matters of radiation health to the United Nations Food and 
Agricultural Organization, United Nations Scientific Committee on 
Effects of Atomic Radiation, American Institute of Biological Sci- 
ences, Health and Safety Laboratory of the U.S. Atomic Ener, 
Commission, the U.S. Public Health Service at Cincinnati, the Oak 
Ridge Institute of Nuclear Studies, and the Stanford Research In- 
stitute. He was also one of the first to do radioisotope research with 
farm animals and for many years has been conducting studies which 
he testified about today. So along with other witnesses we have had 
we are very appreciative of his PORES, ’ 

Now we have the concluding part of our hearing today. We are 
going to have a roundtable on the fallout mechanisms and uptake in 
plants, soils, animals, and pen le, to try to bring this into focus. The 
participants will be Dr. Wright Langham, Dr. William Neuman, Dr. 
C. L. Comar, Dr. Robert Reitemeier, Dr. Arthur Wolff, and Dr. 
Harry A. Claypool. 

Gentlemen, will you take your places at the panel table and pro- 
ceed ¢ 

To start off, the discrimination factors are applied as averages in 
evaluating the relationship between strontium 90 in the soil and the 
diet of people. Is it possible from present information to estimate 
the maximum or minimum values that might occur in individual 
cases ¢ 
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ROUNDTABLE ON FALLOUT MECHANISMS AND UPTAKE IN PLANTS, 
SOILS, ANIMALS, AND PEOPLE—PARTICIPANTS: DR. WRIGHT 
LANGHAM, DR. WILLIAM NEUMAN, DR. C. L. COMAR, DR. ROBERT 
REITEMEIER, DR. ARTHUR WOLFF, AND DR. HARRY A. CLAYPOOL 


Dr. Comar. I don’t think, sir, it is possible to really evaluate maxi- 
mum and minimum value. From our own experience, as I have said, 
we have been impressed with the constancy under conditions of a 
normal diet. If a person has an abnormal diet, the discrimination 
factor may vary. But from values of our own, values from other 
laboratories in this country, and from values from abroad, we all 
seem to be coming out with similar results. I would like to hear any 
comment on this point. 

Representative Houirretp. Does anybody else care to volunteer on 
this point? 

Dr. Neuman. I would like to say that this is an attempt to apply 
statistics to the individual case. It is impossible for a scientist to 
take something that is drawn from a population and apply it to an 
individual. 

Representative Horirterp. Let us trace this discrimination factor, 
if we can, in meaningful words. Let us take 100 strontium units in 
the feed to cattle and trace it down to a discrimination factor to the 
child going through the milk channel, to the adult, and milk channel 
to the child. If you can, give us some percentages for the amount 
that is eliminated from the hundred units taken in by the cow from 
the feed or the foliage that it eats. 

Dr. Comar. I would prefer to do this first in terms of the ratios 
because if one talks about amounts eliminated it becomes very diffi- 
cult. This is one reason for using the ratio. 

Representative Hortrretp. Could you give us an illustration on 
the board, Dr. Comar? This seems to a matter of confusion 
among some of the members of the committee. 

Dr. Comar. Yes, sir. If in the cow we had 100 units of strontium 
for every hundred units of calcium—or rather in the cow’s diet—then 
we would expect in the milk from that animal to find about 12 units 
strontium for every 100 units of calcium. I think that this figure is 
quite firm. It has been confirmed by independent methods. 

Now if a person, say man, consumes this particular milk, then we 
have to use a range of discrimination. If we assume that the dis- 
crimination from man’s food to his body is only a factor of 0.5, then 
in the body of this individual we would find 6 units of strontium for 
every 100 units of calcium. On the other hand, if we use a factor 
of 0.25—and I have suggested that we think that the real value would 
probably fall somewhere within 0.5 and 0.25—then we would expect 
only 3 units of strontium for every hundred units of calcium. So 
if the feed that the cow is eating contained 100 of strontium to 100 of 
calcium, then in the bone of the man we would expect the ratio to be 
3 to 6 units of strontium for every 100 units of calcium. 

Representative Horrrmip. When you use the term “man” there, 
do you wish to differentiate a man, where the skeletal structure is 
complete, and a child? Would it be higher in the child than the 
figures you have given, or is that an average? 
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Dr. Comar. This brings up a very important point that I would 
like to comment on, if I may. If we consider this [ pointing to dia- 
gram] to be the skeleton or the bone of a young child and this to be 
the bone of an adult; if this child is making all of its bone from 
the strontium and calcium that is coming in, then the entire bone will 
very soon reach equilibrium and will have a given value as compared 
to the strontium and calcium that he is eating. 

In man only a small part of the bone is being metabolically active 
in this sense. But I would remind you that the strontium-calcium 
ratio in that part that is metabolically active would be essentially the 
same as the ratio in the bone of the young child. So the strontium- 
calcium ratio here [entire child’s skeleton] would be the same as 
here [part of man’s skeleton]. When one takes a sample—if you 
were to analyze the whole bone—then obviously since there is dilution 
by all of this stable calcium, the overall effect would be that you would 
get a lower result, and this is what happens. I would like to raise 
a question, that is, if we are considering the biological response in 
these systems, is the biological response in man dependent upon this 
concentration in this area of new bone, or is it dependent upon the 
concentration in the whole bone? In any event, we feel that the 
concentration in this newly forming bone could not be greater than 
the concentration in the new bone of the child. So we feel if we look 
at, children’s bones, then we are looking at the situation at its worst 
from this standpoint and will be on safe ground as far as the adult is 
concerned. 

Representative Hortrretp. Of course, our concern is primarily with 
the child and in relation to the pounds of bone in the child’s skeleton, 
and the pounds of bone in the man’s skeleton, your percentage is much 
higher in the child’s skeleton. 

Dr Comar. Exactly. Because all of this calcium was laid down 
before the contamination started. 

Representative Hoxrrrecp. Yes. Are there any among the wit- 
nesses who wish to comment on this or elaborate on it? Is it the 
general consensus of the witnesses that this has been fairly stated in 
view of the knowledge we have at this time? 

Dr. Lanecuam. Mr. Holifield, the situation that Dr. Comar just 
explained is why we insist, in talking of extrapolating bone levels to 
the point of maximum. That is what we mean when we use the word 
“equilibrium.” What Dr. Comar has just mentioned is that the child 
is more nearly apt to be in equilibrium throughout his bone than the 
adult is and that is why in estimating these hazards we extrapolate to 
equilibrium values. This extrapolation takes children into considera- 
tion. I noticed you were quite concerned about that before lunch. 

Representative Hoxirretp. Yes. Are there any further comments 
on that point? If not, some foods are reported both in strontium 
units, micromicrocuries of strontium 90 per gram of calcium, and 
in micromicrocuries of strontium 90 in relation to a gram of food. 
What is the practical meaning of these two methods of reporting, 
and the use of discrimination factors, and in interpreting these values 
in terms of permissible concentration ? 

Dr. Comar. I hesitate to monopolize, Mr. Chairman. 

Representative Hoxrrreip. You are doing so by invitation. Go 
right ahead. 
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Dr. Comar. One of the main advantages of expresing the rela- 
tionship of strontium to calcium is as I have just indicated, that you 
end up with a value that tells you what is going on in the active part 
of the new bone, so this may be very important. The other is that be- 
cause of the peculiarities of calcium uptake, it is very hard to get 
a measure of actual strontium retention. For example if we consider 
an adult after 20 years of age, he has all of his bone formed already, 
and so he may eat a gram of calcium a day but over the years he will 
eliminate one gram of calcium a day. So there is no net retention 
of calcium over the 40 or 50 years of this individual’s life. It be- 
comes very hard, then, to say if a certain amount of strontium is taken 
in how much strontium will be put out and what will be the retained 
figure. For this reason there is value in expressing results as a stron- 
tium to calcium ratio. 

On the other hand, I think it is very important that we have in our 
data knowledge of absolute levels and amounts of strontium. So I 
feel that all the data should be taken with enough analytical results 
so that we can go back and calculate the amounts if we should ever 
need them. 

Representative Ho.irretp. The maximum permissible concentra- 
tion, then—its overall application—would be all food intake. The 
attempt to find where that concentration originated would go into the 
consideration of milk, potatoes, and different items of food. 

Dr. Comar. Yes. Perhaps I can illustrate the convenience of this 
procedure. If we know that a maximum permissible level has been 
set for body burden—if we say that the body burden permissible level 
is 100 micromicrocuries of strontium, for example, or I guess it should 
be 1 micromicrocurie of strontium—then knowing that the skeleton 
contains roughly a thousand grams of calcium, one can find out what 
the level would have to be in the diet to develop this particular level 
in the body, and it becomes a fairly easy thing to do on this basis. 

Representative Hotrrrevp. In discussing the difference between food 
and milk, could I pin it down to this question? Is there a different 
discrimination factor in milk than there is in other items of food? 
I am not talking about the quantities absorbed but I am talking about 
the factor of discrimination. 

Dr. Comar. As I indicated before, in some work with rats we have 
found a definite difference between animals on a milk diet and 
animals on a non-milk diet. In the limited work that we have done 
with human beings, we have not been able to see this difference. I 
cannot give you a more precise answer than that. 

Representative HotirreLp. Would there be any member of the panel 
that wishes to comment on that point ? 

Dr. Neuman. I agree it is unsettled, but the uncertainty involves 
only a factor of two. 

Representative Ho.iriexp. It is an approximate factor of two? 

Dr. Neuman. There is only a factor of two between the two results 
that have been reported. If anything, I think we should rely on 
the human data more heavily than the rat data because I feel that 
a milk diet for a rat is rather unusual. 

Senator Arken. How old rats do you use for this experiments ? 

Dr. Comar. We have used various ages. One is either interested 
in the young growing rat or the mature rate. Depending on the 
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experiment we have used various ages. In the early work we actually 
started with pregnant females and carried them on a strontium 90 
diet through two generations, so we have results at all ages. 

Representative Horirtetp. Dr. Langham, I will address this ques- 
tion to you. You indicated that you expect the bone levels in Far 
Eastern peoples to be higher than those of Western peoples. These 
estimates are based on human bone analyses. Is it not possible that 
the high concentration of strontium 90 found in Eastern peoples 
might be due to foliar adsorption of strontium 90? 

Dr. LancHam. It is certainly possible that it could be due to foliar 
absorption which could be responsible for the high levels in the diet. 
In making the calculations I have given you, the average values have 
been diet weighted. Assuming that the diet of the Far Eastern peoples 
has cereals as the principal source of calcium, that being the case, one 
must consider the discrimination factors involved. A person drawing 
his calcium from cereal sources, in which there was no milk incor- 
porated in the diet would have a high calcium content in his bone 
because of the greater discrimiation via the milk cycle. This has been 
recognized, and in giving these estimates of population average bone 
values the nature of the diet has been considered. That is why the 
predicted values show that Western countries may have a maximum 
level of 5 micromicrocuries per gram of calcium and the rice diet 
peoples may have 10. It does not matter whether this is coming from 
foliate absorption or whether it is coming through the root system of 
the plant. What it means is primarily if one takes into consideration 
discrimination factors in going from diet to bone, regardless of what 
the source of strontium is, whether it is direct foliate or root absorp- 
tion, the Eastern countries will run higher. 

Representative Houtrievp. If foliate absorption is an important fac- 
tor, then, how would this affect the assessment of a biomedical hazard 
for a large scale nuclear war, or is this getting too far afield for an 
estimate at this time? 

Dr. Laneuam. In reality we have got to assume that the levels, 
whether they are coming from foliate Savention or from the soil, are 
in some respect directly proportional to the integrated fallout. In 
that case it does not make any difference what the source is, because 
we saying if the fallout is doubled, then the foliate absorption will 
be doubled, the diet will be doubled, and so will the concentration in 
the bone. 

Representative Ho.trietp. Of course, for people eating a vege- 
tarian diet, they would be exposed to more than people theoretically 
who have larger percentages of meat and milk in their diet, because 
of the discrimination factor in the animal products area of their diet. 

Dr. Laneuam. That is right. One can usually assume that the 
concentration in the bone at equilibrium will probably be about 25 
percent of the concentration of the strontium 90 in the calcium of the 
diet. If the strontium 90 comes from direct fallout, as may be the 
case in a nuclear war in which the concentrations in the diet are in- 
creased greatly, then the concentrations in the bones of the people will 
increase also. But there is one thing about this, sir, that I would like 
to explain, that may have something to do with the situation in the 
event of war. It applies also perhaps to the Minnesota wheat ques- 
tion. That is, if an individual’s diet is essentially constant in stron- 
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tium 90 and then, due to direct fallout the diet goes very high for a 
few weeks or even a month or so, and then (because it was direct 
fallout and not uptake from the soil) return to something more or 
less like what it was before the peak, people’s bones will not have 
time to come into equilibrium with the higher dietary level. The 
strontium 90 bone concentration will level off, depending on the 
width of this peak at some position a little higher than it was before 
but not at the maximum indicated by the diet. In other words, this 
hot spot fallout problem, high levels in Minnesota wheat, high levels 
in this food or that food, when it is caused by direct fallout, if tran- 
sient is not nearly as serious as the measured values would indicate 
it is. Because, if the dietary level goes back down after a reason- 
able length of time, people’s bones will not have had time to come into 
equilibrium with the higher dietary level. 

Representative Hottrretp. So a general statement would be that 
any type of fallout which would be long lasting enough to become 
part of the muscle or the bone structure of the body would be of less 
importance than the violence of the short-lived beta and gamma emit- 
ting isotopes, which would attack externally, and do other types of 
damage, rather than residual deposit in bone or muscle? 

Dr. LancHam. You are talking in terms of nuclear war. 

Representative Hoirrevp. Yes, the same situation you described. 
The immediate danger would be from gamma rays. 

Dr. Lananam. Yes. It would be my feeling definitely that in the 
event of war our problem is going to be the immediate fallout prob- 
lem and the external exposure of the population. That does not mean 
that these long lived isotopes will not be of secondary importance, 
but I think definitely they will be secondary. 

Representative Hoxtrrevp. If the deposit of these longer lived iso- 
topes is heavy, there will be a general buildup in the years to follow? 

r. Lancuam. That is right, yes. 

eprennaie rts Houtrretp. Of the the long lived deposit in the 
bone! 

Dr. Laneuam. With regard to strontium 90; yes, sir. 

Representative Hotirtetp. Is there any comment on that ? 

Dr. Comar. I would like to make one comment: Are we quite sure 
again whether any deleterious effect would be dependent upon the 
local concentration in the bone? If this were so, then would we get 
a peaking at a small area? I think that this is still an open question. 

Dr. Lancuam. I assume that Dr. Comar is referring to a problem 
that has plagued us for some time, and that is, is the biological effect 
that we expect to see dependent on the dose received by the hottest 
spot in an individual’s bones or on the average dose to the entire 
skeleton. Is it worse to irradiate a small bit of one’s bone with a 
high radiation leve] than all of the bone with a low radiation level? 

epresentative Horirtetp. Is that correctly stated, Dr. Comar? 

Dr. Comar. Yes. This isthe fundamental point. 

Dr. Lanenam. Certainly I think we could all agree that this is a 
problem that we have had lots of interesting evenings arguing about 
and there is no need of bothering this committee with the argument. 
We certainly have not settled this question yet. 
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Representative Hoxirretp. I understand that there is a complete 
book written on this subject by a Swedish author or a group of 
Swedish authors interested in this subject. 

Dr. Lancuam. Yes, I am very well acquainted with that. 

Representative Hottrretp. Mr. Ramey has a question. 

Mr. Ramey. This one might be perhaps to Dr. Claypool or Dr. 
Langham. How much research work has been done on iodine 131 
absorption in the thyroid of children and adults? We have had testi- 
mony for the last 2 days now that the faster fallout rate makes these 
short-lived isotopes more important. Dr. E. B. Lewis of Cal Tech has 
indicated that the selective absorption of iodine 131 may concentrate 
radioactivity to higher levels. (See statement by Dr. E. B. Lewis, 
p. 1552.) 

Dr. Ciayroot. We have been doing none of this work locally at 
Walter Reed. Some work on urinalysis of individuals who were lo- 
cated at Mercury, Nev., during a test season was done and small levels 
of concentration of iodine 131 were found in the urine of these in- 
weep Beyond that, I will have to pass the question to Dr. Lang- 

am. 

Dr. Wotre. I would like to comment on that, if I may. There has 
been quite a bit of work done during the past several years on the 
levels of iodine 131 in the thyroids of grazing animals throughout the 
country. So we have a fairly good record as to what the levels of 
environmental contamination have been insofar as iodine 131 is con- 
cerned. We are generally agreed that strontium 90, as an environ- 
mental contaminant, certainly deserves primary attention, because 
this problem will persist for many years following the cessation of 
nuclear weapons testing. But I think data collected during the past 
few years does indicate that some of the shorter lived isotopes, par- 
ticularly iodine 131, are not necessarily insignificant just. because they 
are short lived. There is evidence to indicate that relativel high 
levels of iodine 131 have periodically been present in the biosphere. 

The Public Health Service has taken this into consideration in its 
milk surveillance program, and we have assayed for iodine 131 as 
well as other short lived isotopes, and we have found, though most 
probably not hazardous levels, certainly levels sufficiently high to indi- 
cate that while weapons tests are in progress—we should consider 
these short lives isotopes for their contribution to the total dosage. 
I believe Dr. E. B, Lewis has submitted a statement for the record 
giving his assessment of the possible hazard and dosages associated 
with the drinking of milk containing the levels of iodine 131 that the 
Public Health Service has reported in its milk surveillance program. 
It can be estimated that during the past several years the average dose 
to the thyroids of infants and children probably has been about equiv- 
alent to background—roughly 100 to 200 millier per year. It is par- 
ticularly important to consider the younger age groups because the 
proportion of milk consumed relative to the weight of the thyroid 
gland is considerably higher than in the case of adults and therefore 
the thyroid dose to infants and children would be considerably greater 
than adults. Almost all of the work done in the past on the evalua- 
tion of iodine 131 in humans has been based on urine examinations 
and the autopsy specimens of adults. 








1306 FALLOUT FROM NUCLEAR WEAPONS TESTS 





Representative Hortrrep. Let the staff read to you at this time a 
summary on this very point which seems to agree with what you say. 

Mr. Ramey. I think he was going to provide a statement for the 
record. This is a summary of his paper that is in process. 

Mr. Wotrr. This is Dr. Lewis? 

Mr. Ramey. Yes. 


On the basis of published data on iodine 131 levels during a 16-month period 
ending September 1958, the thyroid glands of average infants and children in 
the United States are estimated to have experienced over the last few years 
annual doses of about one-tenth rad to two-tenths rad from the radio iodine fall- 
out. These doses are roughly one to two times the annual dose to such organs 
from natural background radiation. For a number of reasons individual thyroid 
dose rates from fallout are expected to show wide deviations from the average 
rate. 

The reason for asking about the research on this, from a layman’s 
sort of fashion, was that these were more or less deduced rates from 
how much fallout there was rather than from any counting from 
whole-body counters or any other measurements on actually what 
was in the thyroid of children. 

Dr. Wotrr. Yes, sir. These are calculated dosages but they are 
deduced on the basis of our milk data. We have reliable data with 
respect to the levels of iodine 131 in milk from our various milk sam- 
pling stations. In table 8 of Dr. Straub’s report, which was submitted 
for the record, you will find a monthly summary of the iodine 131 
Jevels in milk for the various milk stations. It gives a month-by- 
month breakdown of these levels. During the last 16 to 18 months an 
overall average in the order of 60 micromicrocuries per liter of milk 
was detected. There were peak values as high as 900 micromicrocuries 
per liter in some of our stations during a particular month. 

Representative Hoxtrretp. Now we are going to ask you a question 
based on what Senator Aiken asked a few minutes ago, when he 
asked you if there was a pill that you could take that would get rid 
of radiation. I will ask you it in this form: Is there any reason to 
believe from biomedical information presently available that by sim- 
ple or practical means discrimination in a human could be increased ? 
I notice the readiness to pass the microphone to you, Dr. Comar. 

Dr. Comar. My answer would be “No,” sir. 

Dr. Worrr. I think this might be feasible with iodine. One might 
discriminate against radioactive iodine by simultaneously taking 
stable iodine. This procedure could reduce the intake of radio-iodine 
in the human. 

Representative Horrrietp. Is there any any further comment on 
that point? 

Dr. Neuman. I agree with Dr. Comar, but there is such a chorus 
of agreement this time compared to the last hearings that I would 
like to go back, if I might, to Dr. Langham’s remark, and take issue 
with him on his predictions for the Far Eastern populations. If 
foliate absorption is an important cause of the present bone levels 
of Far Eastern people and children, then this is a dose rate dependent 
phenomenon—that is, it is dependent on the rate of fallout. In the 
event that there is no more fallout, then there is no more uptake and 
our equilibrium calculations and predictions for the maximum uptake 
in the 1960’s would not give high levels in the eastern population 
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of bone, but possibly even lower than the general average we have 
calculated. 

Representative Hoiirretp. Dr. Langham, would you care to com- 
ment on that ? 

Dr. Laneuam. Yes. I am afraid I oversimplified the problem. 
This is certainly right. If foliate absorption—or, for that matter, 
if anything is, as foliate absorption would be, dependent on fallout 
rate, then the minute we quit testing the rate of fallout will decrease 
and so will the levels in san I think the best solution to all this 
is to agree with Mr. Durham. 

Representative Hottrretp. Not to have any fallout. Are there any 
further comment on that? If not, is there any new information 
a on soil to plant discrimination? I will ask Dr. Reitemeier 
on that. 

Dr. Rerremeter. With regard to strontium and calcium, as I indi- 
cated previously, I believe the overriding factor is not the so-called 
simple discrimination factor, but the actual situation in the soil pro- 
file in the particular field situation. That is, what is the relative loca- 
tion and distribution of the strontium 90 in the soil profile?’ What is 
the specific distribution of calcium in the soil profile? This will vary 
tremendously between different soils, different crops, and manage- 
ment practices. So I feel that it is virtually impossible to assign a 
single discrimination factor to plants as they are grown actually in 
the field. For the lack of a better value than 1, we are usually inclined 
te say the overall value is 1. But it can range upward or ceonnda 
frora 1. Averaging all of our data, if it comes out to 1, that does 
not mean that this is always the value. It certainly will vary upward 
and downward. 

Representative Ho.irretp. Are there any further comments on 
that? If not, this morning I questioned Dr. Libby, I believe, on the 
high values observed in the Minnesota wheat and in the so-called hot 
spots or hot areas. If I understand him, he stated that he believed 
this resulted from more foliate absorption than anything else. Do 
you concur with this evaluation ? 

Dr. Lancuam. Yes; I just can’t see any other explanation for it, 
because if it were coming in through the root system, then calcium 
in Minnesota soil would have to be fantastically low or the strontium 
90 values in the Minnesota soil extremely high, and neither of these 
seems to be the case. 

Representative Horirreip. In other words, the rainfall that oc- 
curred at that particular time in that area undoubtedly deposited 
fallout upon the foliage. 

Dr. Lancuam. Yes. 

Representative HoutrreLp. This question I also will address to Dr. 
Langham. Do you believe the cesium 137 to strontium 90 ratio which 
you have given in your report to be approximately 1.8, corresponding 
to relative fission yield, will remain stable in the biosphere; or is it 
possible that this ratio will change with passing time? 

Dr. LancHAM. We can’t even say with certainty that fractiona- 
tion has not already occurred. In other words, 1.8 is the ratio one 
would expect if no fractionation had occurred at the time of detona- 
tion or during diffusion through the stratosphere and troposphere. 
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Representative Hotirrecp. And in the event no further testing 
occurs. 

Dr. Lancuam. Yes. There are indications of fractionation with 
altitude, also. I can only say what Dr. Libby has said on a number 
of occasions; and that is, if one looks at the data—good, bad, or in- 
different—and considers the average, the ratio is tending to be the 
expected average from fission product production. With respect to 
fractionation with time, I would rather not say what will happen. It 
is just that right now the indication seems to be that fractionation 
may be occurring but the best number we can give is to assume the 
average ratio of production. 

Representative Hoxtrretp. Will you define “fraction” for the 
record ? 

Dr. Lancuam. I mean by “fractionation” that the strontium and ce- 
sium get separated from each other by one method or another. Right 
now we have no better values to rely on than to say that the ratio is 
pes eens rw the ratio of production. 

epresentative Ho.irietp. Is there any comment on that point? If 
not, this morning, Dr. Langham, you indicated that the equilibrium 
value of children’s bones could be taken as two micromicrocuries per 
gram of calcium. How does one deduce an equilibrium value in a 
mixed population during a period of changing strontium levels? 

Dr. LancHam. What one has to do is use bone data, of which we 
have quite a bit, and normalize these either to the level in fetal bone, 
which Dr. Comar says has a discrimination factor of 2, or normalize 
to the level in adult bone which is age independent. If we accept his 
discrimination factor of 2, and we take all the fetal bone analyses we 
have, we may say that the equilibrium level in bone would be twice 
that observed for fetal bone. Then we can test this theory by adjust- 
ing for the rate of fallout and the rate of growth that occurs with 
time—the rate at which the child lays down its skeletal calcium as it 
gets older—we can test our hypothesis to see if the bone data for all 
ages—all of the bone data fit the theoretical points or the calculated 
points when normalized to the fetal bones, assumed to have a discrim- 
ination factor of 2. When we do this, we are amazed to find that we 
can, on this assumption, make bone data from any age group fit essen- 
tially where we calculated it on the basis of the bone growth model. 
One can also do it the other way and assume certain discrimination 
factors and work back from adult bone data and make the points for 
all age groups fit the growth model. It is a matter of fitting the ob- 
served data to a model of bone growth plus the fallout rate. 

Representative Horirretp. I have been informed that Dr. Alice 
Stewart of the United Kingdom has done pelvimetric X-rays as low 
as 3 roentgens given in the eighth month of pregnancy, and it doubles 
the cancer rate of children between birth and 10 years. Is there any 
comment you want to make on that? I recognize this is more for 
tomorrow but as long as we have been talking about the fetus, I 
thought I might ask if anybody here wants to comment on it. 

(No response. ) 

Representative Ho.irreLp. We will get to the witnesses tomorrow, 
and we will put this on their shoulders tomorrow. 

If there are no further questions, Dr. Claypool, would you have any 
particular comment to make on any of the testimony today ? 
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Dr. CLaypoot. No,sir. I came here primarily because of the Walter 
Reed whole body counter. We have been counting people there, 
human beings. Our counter is designed after the Los Wages human 
counter and we have been concerned primarily with cesium 137. 
Since nothing directly came up as concerns cesium 137 during the 
roundtable, I did not have any comment. 

Representative Hoxirietp. Why don’t you make a short statement 
on that? We have been more concerned with the strontium 90. If 
you care to make a short statement on cesium 137, you may proceed. 

Dr. CLaypoot. I surely thank you. We became fully operational 
on the 14th of July last year. We have been fully operational for 
approximately 9 months. During that period we have counted a total 
of 1,278 essentially normal people, but by selection criteria we chose 
800 of these and prepared our data and compared our data with those 
of the Los Alamos counter. I think the best news I bring here is 
that we seem to agree unusually well with the data obtained from the 
Los Alamos counter. So unusually well it almost looked like col- 
lusion in view of the fact that the two counters are 2,000 miles apart 
horizontally, and a mile apart vertically. So I don’t bring any new 
data, particularly, but I wish to support the data that Los Alamos 
has presented. 

Representative Hotirtetp. Thank you very much. Would any 
member of the panel like to comment on any testimony that has been 
given here today, either critically, modifying, or clarifying? I see 
no takers. 

Thank you, gentlemen, for your help today, and the committee is 
deeply appreciative of your assistance. 

omorrow at 10 a.m., we take up new developments in radiation 
biology, somatic effects, and the genetic effects. In the afternoon we 
will discuss the basis of permissible exposure levels and have a round- 
table on that subject. Following that, we take up the future implica- 
tions of testing and have a roundtable on that subject. I invite 
you back. 

I have a statement by Dr. Wolff which I will place in the record 
at this point, also three papers submitted by Dr. Claypool and Walter 
Reed Army Institute of esearch. 
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(The statement referred to follows: ) 


FALLOUT AND UPTAKE OF IODINE-131 


Arthur H. Wolff* 


Generally, in considering the uptake mechanism for fallout, almost 
exclusive attention has been given to strontium-90 and to a lesser extent 
cesium 137. The problem of these radionuclides as environmental contaminants 
certainly deserves our primary attention because the problem will persist for 
years following the cessation of nuclear weapons testing, Even though 
strontium-90 is the isotope of major significance, the potential hazard of 
some of the shorter lived isotopes should not be overlooked, Some of the 
other fission product isotopes, just because they are short lived, are not 
necessarily insignificant; they may present a contamination problem if they 
occur in the biosphere at relatively high levels, 

Of particular importance in this regard is iodine-131, a fission 
product radioisotope with a half life of approximately eight days. Icdine 
is unique among the fission produced radioisotopes in that it concentrates 
in a very small gland, the thyroid. Consequently, extremely amall amounts 
of the isotope taken into the animal body will result in relatively high 
dosages to a single gland as compared to equal amounts of other radioisotopes 
more widely distributed in the body. 

As a result of its eight-day half life the concentration of iodine-131 


in ae gross fission product mixture gradually diminishes and the amount of 


*Chief, Training Branch, Division of Radiological Health, U. S. Public Health| 
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iodine-131 reaches negligible proportions several weeks to months following 
its creation. It is likely, therefore, that any iodine-131 in the biosphere 
results primarily from rather fresh fallout. 

Several investigators have measured the icdine-131 levels in the 
thyroid glands of grazing animals as an index of fresh fallout in various 
parts of the world. The most work in this field has been done by 
Dr. Lester van Middlesworth, University of Tennessee, Memphis. Since 1954 
he has collected thyroid glands from animals in slaughter houses from 
various countries and particularly from Tennessee in our country. Based on 
his data it would appear that from 1955-1958 the average concentrations 
sustained in U. S. cattle and sheep were in the order of 700 and 3000 juc 
per gram of thyroid respectively. The average weekly dose has been about 
$0 millirad per week for cattle and 290 millirad per week for sheep. These 
concentrations are average values; considerable fluctuations occurred 
depending on the type ang location of weapons testing in progress just 
prior to the time of collection. Other investigators 1/ have found similar 
levels in other parts of the United States. 

It is apparent that despite its short half life iodine-131 has been 
readily detectable as a biospheric contaminant reflecting current weapons 
tests. The levels found are quite likely innocuous insofer as the health 
1/ Gunther, R. L. and Jones, H. B., University of California Radiation 

Laboratory Report (UCRL-2689) Berkeley 1954 

Jones, H. B. (UCRL-2689) Berkeley 1954 

Gunther, R. L. (UCRL-2835) Berkeley 1955 

White, M. R. and Dobson, E. L., (UCRL-3355) Berkeley 1956 


Comar, C. L., et al, Science 126: 16-18, (1957) 


Wolff, A. H., Public Health Reports, 72, No. 12: 1121-1126, (1957) 
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of the animals is concerned. However, iodine-131 as a biospherical 
contaminant, probably has resulted in a higher dosage level to a limited 
volume of tissue than any other fission product isotope. 

The levels of iodine-131 in grazing animals ere considerably higher 
than any levels concurrently reported in humans because grazing animals consume 
large quantities of foliage upon which fallout and rainout were directly 
deposited. 

The values in cattle are of particular interest because, theoretically, 
we should also expect detectable quantities of iodine-131 to be secreted 
into the milk and consequently higher levels of iodine 131 to occur in the thyroids 
of infants and children than in adults, The Public Health Service has taken this 
into consideration and has included iodine-131 as well as certain other short- 
lived radionuclides in its milk surveillance progran, 

Summarized below are the average iodine-13]1 levels detected in milk 
from the various sampling stations. 


Average Todine-131 Concentrations in 
Micromicrocuries per Liter Based on Monthly Sampling 


Milk Shed June 1 - April 1 May 1958 - Jan. 1959 
Ave Le A 
Cnet} 


ve 
Cincinnati 136 41 
New York 79 3 
Sacramento 30 40 
Salt Lake City akg 33 
St. Louis 258 99 
Atlanta First Sample, June '58 22 
Austin : : June '58 39 
Chicago . . July '58 38 
Fargo - - June '58 38 
Spokane ,, Aug. '58 32 


I believe that Dr. E. B. Lewis, California Institute of Technology, 


is submitting ea statement for the record which estimates the human dosages j 
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and possible biological significance that would be associated with con- 
sumption of milk containing the levels of iodine-131 reported here. 

Todine-131 levels in cattle thyroid may provide ea presumptive index 
of the levels being secreted into milk in the same area. This is one 
parameter which the Public Health Service hopes to investigate in its future 
work in radiation surveillance of the environment. 

The technique for measuring iodine-131 levels in thyroid glands is 
relatively simple. Perhaps greater reliance should be given to this 
technique for it may serve, not only as an early and sensitive index of the 
biological incorporation of iodine-131 but also may provide an index of the 
biological accumulation of other fission products. Iodine-131 as an index 
of environmental contamination, however, is only applicable to fission 
products of recent origin. 
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Centemporary Levels of Cesium37 in Man 


Submitted by the Division of Nuclear Medicine, Walter Reed Arny Institute of 
Research, Development of Defense. 


INTRODUCTION 

The weapons test program and contemplated nuclear power developments 
within the next several years have forcefully shown the need for an 
extensive biomedical monitoring network for people and foodstuffs. The 
Division of Nuclear Medicine, Walter Reéd Army Institute of Research 
has been engaged in evaluating excretion levels and body burden of 
certain fission fragments in humans since early 195). 
BIOLOGICAL EXCRETION STUDIES 

During weapons testing at the Newada Test Site in 1955 (Operation 
TEAPOT) weekly monitoring of urine samples from personnel throughout 
the United States and from many overseas sites was ‘carried out for 
the test period. Excretion levels of iodinel31, cesium 37 , cesiumluhs | 
and strontium”? were determined. The radioactive air mass from nominal 
and low yield weapons seldom exceeds 2,000 feet and the passage of the 
air mass over a monitored population generally resulted in an increase 
in iodine!31 urinary excretion (1). For high yield weapons detonated 
at the Pacific Test Site during 1957 (Operation REDWING) urine levels 
of iodinel31 were consistently detectable. There was a general rise 
in the excretion levels of cesium!37 toward the end of the weapons test 
period. Over 7500 individual urine samples were processed during the 
TEAPOT = REDWING Operations. The mean excretion levels of cesium)37 
in the northern hemisphere indicated that body burden would be about 


0.002 microcuries. Experiences with monitoring human excretion levels 
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have been summarized and presented to the Special Subcommittee on 
Radiation of the Joint Congressional Committee (2), the Army Science 
Symposium (3) and the Symposium on the Shorter-Term Biological Hazards 
of a Fallout Field (h). 
DIRECT HUMAN MEASUREMENTS 

Because of the inherent difficulties in low level assays of large 
numbers of bulk biological samples and the uncertainties in estimating 
total body burden from excretion levels, a facility for determining 


gamma ray activity directly in humans was constructed. The design of 





the facility emulated the counter at Argonne National Laboratory and 
at Los Alamos Scientific Laboratory and incorporated the experiences 
and techniques of whole body counting evolved by Miller, Marinelli, 
and Anderson, The facility was sponsored jointly by The Surgeon General, 
U. S. Army and The Armed Forces Special Weapons Project. 

Since June of 1958, 1100 people have been processed at the Walter 
Reed Army Institute of Research for cesium!37 body burden in the Human 
Counter, The crystal spectrometer has been used for selected cases to 
confirm the presence of cesium!3? and to determine the levels of various 
gamma emitters in humans from reactor exposures and clinical diagnostic 
procedures, 

Of the people assayed for cesium 37 body burden during the period 
July - December 1958, 1:7) subjects residing in the United States had a 
negative medical history and no known exposure to radioactive materials, 


The mean age of the group was 31 years (sigma = 32%) and a frequency 


distribution of body weight as shown in Figure 1. 
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The Human Counter is operated as a two channel analyzer simultaneously 
determining cesium37 and potassium0, Naturally occurring potassiumiO 
is in most cases the most abundant gamma emitting radioisotope in the 
human body and is a direct measure of "fat-free" mass or muscle mass. 
Cesium!37 is an abundant fission product and its behavior in the biosphere 
should be quite similar to potassium. Anderson has shown that the major 
source of potassium and cesium!37 in the American diet is milk and dairy 
products, Figure 2 shows the quantitative dietary intake of milk and 
dairy products for the U. S. group with an average amount considered to 
be 1 or 2 servings of milk, cheese, or butter per day. 
Figure 3 shows the frequency distribution of cesium!37 in normal 
U. S. subjects measured during 1958, The histogram fits a Gaussian 
distribution and the average disintegration rate is 1.66 gamma rays 
per second per pound of body weight. This equals 0.007 microcuries body 
burden for a 159 pound subject. For non-industrial exposure the average 
body burden is less than 1/1000 of the recommended lifetime exposure 
of 9 uc. 
Since cesium!37 body burden would be expected to vary with the 
body content of potassium it is pertinent to express cesium! 37 results 
as the ratio (Cs/K) in micromicrocuries per gram, Figure ) shows the 
cesium!37 levels in people according to geographic location of residence. 
The U. S, average during the latter half of 1958 was 70 uuc/gm K. 
Summarized in Tables 1 - |; are results for people residing outside the 


continental U. S. The mean cesium!37 level for Germany - France was 
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76 uuc/gm and for Japan 72 wmc/gm, There are too few people from other 
areas to be considered indicative. It is of interest to note, however, 
the Brazilian and Iranian points. 

RECOMMENDATIONS FOR FUTURE RESEARCH 

The Human Counter Facility at the Walter Reed Army Institute of 
Research will continue to measure the levels of gamma emitting isotopes 
utilizing the methods described above, A minimum of 1500 persons a 
year will be studied and in addition, "controls" will be following weekly 
to determine changes in the isotope levels in the Washington area with 
time, 

In June 1959 a Human Counter Facility will be activated by the 
U. S. Army Medical Research Unit Number 1 at Landstuhl, Germany. The 
counter was built by Dr. Ernest Anderson, Los Alamos Scientific Laboratory 
for the 1958 Geneva meeting and was turned over to the Army. Data from 
this counter will be processed using the same IBM forms as those at 
WRAIR, This will result in the capability of determining gamma emitting 
isotopes directly in man at Los Alamos, New Mexico, Washington, D. C. 
and Landstuhl, Germany, 

It is becoming apparent to medical radiobioligists that the only 
certain way of establishing levels of fallout radioactivity in man is 
through the direct measurement of man himself, This obviously avoids 
the inherent difficulties in sticky paper, pot and other methods of 
collection and avoids concern over discriminating factors from animal 


and agriculture products to man, In addition, it avoids the require- 


ment of examining uniform distribution of the particular isotope 
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thro ughout the body as is necessary when single bones or other parts 
of the anatomy are surgically removed and analyzed for radioactivity. 
It is recommended that effort be undertaken to construct counters for 
use in the Far East and in the southern hemisphere, Data presented in 
the paragraph above indicates there is a real difference in levels of 
activity in the few individuals measured from the southern hemisphere, 
If at all possible these new counters should be mobile. In appropriate 
areas of the world they could be transported on railroad cars. In 
addition, currently plans are under way to convert an United States 
Navy hospital ship for a trip throughout southeast Asia. This will be 
staffed with civilian physicians and health workers who will provide 
medical care as requested by the countries of this geographical area. 
4 counter designed for this ship would be most useful from a clinical 
standpoint and could gather information on the levels of radioactivity 
in people of this area of the world. It is estimated that less than 
$200,000 would be required to finance these two additional counters. 
Data obtained from the five counters woy).d then provide for the first 
time a direct worldwide coverage of radioactivity. 

The state of the art of measuring radioactivity in man has been 
developed to the point where it is theoretically possible to measure 
strontium”? utilizing external counting techniques. The levels of this 
isotope in the world's people have increased to the point where the 
Bremstrahlung can be detected. It is recommended that appropriate 


development contracts with government agencies or industry could result 
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in a suitable counter within the next two years. This is obviously a 


high priority item as it is the only method that holds promise of 


establishing the actual levels of strontium in man. In our opinion 


current data is accurate only within an order of magnitude; therefore, 


biological variation is so great that methods must be devised to de- 


termine the actual levels of activity in individuals. 
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INTRODUCTION. 

Following the detonation of a thermonuclear device at the Pacific Test Site 
on 1 March 1954, 239 Marshallese people were exposed to significant levels of 
gamma radiation from fallout. Estimated total exposures ranged from 175r on 
Rongeleap to l4r on Utirik (1). 

These populations were evacuated to Kwajalein for decontamination and care. 
During the two days of fallout exposure before evacuation was completed, the 
Marshallese also received some radioactive materials internally by ingestion and 
inhalation. Estimates of the internal body burden from fallout were obtained 
from the analysis (1) of urine samples collected soon after exposure. 

These data indicated that the acute hazard from internally deposited fission 
fragments was quite small as compared to the whole body gamma radiation exposure. 
Although the radioactivity levels in the urine were low, the activity was 
sufficient to obtain reasonable precision and to warrant additional long term 
studies of the activity levels and excretion patterns of this rather large and 
well isolated population. 

The people from Alinginae and Utirik were returned to their home islands 
in June 1954. Radiation intensities on Rongelap, however, precluded an early 
return to this atoll and the Rongelap people lived on Majuro from June 1954 until 
July 1957. 

Basic data on the food crops of ee indicated that after 
resettlement on the contaminated atolls intake of strontium’? would be increased 
considerably, and that cesiun!37, zinc®5, and cobart®° were dietary constituents 
of island and ocean foodstuffs, and also would be assimilated (2). The expected 


increases in the trace amounts of radionuclides in the food supply of a large 


population would afford an opportunity to investigate the rate of equilibration 





and the discrimination factors operating between food supply and man. Urinary 
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excretion levels of cesium'37 and strontium?° were measured from March 1954 
through March 1958. zine®) levels vere first measured in 1958 samples. 
MATERIALS AND METHODS. 

One hundred and forty one individual urine samples collected from 24 March 
1954 through 7 September 1954 were obtained by the Health and Safety Laboratory, 
AEC. Urine volumes were small (about 350 ml) and it was necessary to pool 
samples. This was done according to the age of the subjects and 19 samples of 
pooled urine were assayed. A 57 liter pooled urine sample from Rongelap was 
collected and assayed in 1956 (3). Three pooled samples and seven individual 
samples were assayed in 1957. Thirty individual urine samples were assayed in 
1958. 

In samples collected in 1954 and 1957 cesium 37 vas scavanged by nickel 
ferrocyanide (urine made strongly alkaline) and counted in a crystal well counter. 
A twenty channel gamma-ray spectrum was determined for each sample and the cesium’?! 
photo spectrum count rate used. The 1958 samples were assayed directly for cst 37, 
2n°5, ana K“O in 2.5 liter plastic containers placed on an 8 x & inch (TH activated) 
sodium iodide crystal. The activity for each radio-isotope was determined by 
gamma-ray -Spectral analysis. Sample activities were compared with known radio- 
active standards (+ 5 percent) counted in the same geometry. 

Strontium? was precipitated from urine as the carbonate. Yttrium? was 
separated and identified by its half-life using thin walled gas flow counters. 

Urine samples were corrected for radio-active decay to the time of collection. 

There is some uncertainty as to the completeness and the duration of time 
over which samples were collected and therefore twenty-four hour urine volumes 
are not accurately known. Potassium“ excretion, using 360 d/m or 2 gm K/day 
indicates an average daily volume of about 1180 ml (+ 56 percent). It was con- 


venient to use one liter as an average 24 hour urine volume and to express radio- 


assays in micromicrocuries per liter. 








1332 FALLOUT FROM NUCLEAR WEAPONS TESTS 
RESULTS AND DISCUSSION. 
Cesium!37 Excretion Levels and Body Burden 

The urinary excretion levels of cesium!37 for the years 195%, 1957, and 1958 
are shown in Tables 1 - 4. Qm 24 - 25 March, 1954, the mean excretion level of 
cesium!37 for all age groups was 405 uuc per liter. With an excretion rate of 
0.46 percent (4%) of cesium!37 pody burden per 24 hours, the mean body burden 
from fallout 24 - 25 days after exposure was 05/4. 6x1073 x 10° or 88 mec 
(+ 54 percent). This value is about 20 times the average body burden reported 
by E. C. Anderson, et al (5, 6) for people measured during 1956 - 1957 in the 
United States. The cesium37 urinary excretion levels for the six months follow- 
ing exposure can be expressed as an exponential function, and a best line of 
fit drawn through the date resulted in a half time for elimination of about 
110 days (Fig 1). A biological half time of about 140 days has been observed 
on volunteers who ingested one microcurie of radio-cesium (4). 

From the 1957 Cs/37 excretion levels (Table 2) the Rongelap group exposed 
to fallout was estimated to have an average burden of about 7 muc, whereas the 
Rongelap control group was about 2 muc. Body burden in either group in 1957 
is comparable to levels measured in the U. S. population (6). With a half time 
for elimination of the order of 150 days, the body burden of the exposed Rongelap 
group should have decreased from the March 1954 level to 7 mec in about 550 days, 
or late in 1955. A body burden of 7 muc for this group in March 1957 could then 
indicate a continuing exposure to Cs/37 auring 1956 of the order of 32 micro- 
microcuries per day from stratospheric-tropospheric fallout while residing on 
Majuro. 

Since the Utirik group was returned to their atoll in 1954, the mean body 
burden in 1957 was elevated to an estimated 337 mic, some 48 times the Cs!37 
burden of the exposed Rongelap people who resided on Majuro. This long residency 


time on Utirik atoll after fallput contamination, as compared to the excretion 
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rate of Cs137 should have resulted in an equilibrated Csl37 burden, with an 
estimated daily intake of about 1560 uuc of Cs+37 unfortunately no systematic 
survey of foodstuffs grown on these atolls has been reported. Data available, 
however show that coconut grown on Rongelap contained about 9 uuc cst37 per 
gram, and arrowroot (Utirik) contained about 8 uuc Csl37 per gram. The daily 
intake of several hundred grams of either staple would be sufficient to account 
for the 1957 excretion level in the Utirik group. 

The Rongelap groups had been resettled for about nine months at the time 
of the March 1958 medical survey, and urinary excretion levels of cst3! nea 
increased about one hundred fold over 1957 levels. Mean body burden for the 
two groups at this time was 0.9 uc (+ 27 percent) and 1 2 uc (+ 47 percent) 
(Tables 3 and 4) Cesitum’>! body burden may have equilibrated by late 1958 and 
predicted burdens were about 1.3 and 1.6 uc respectively 


Strontium?” Excretion Levels and Body Burden 


Urinary excretion levels of strontium?” are presented in Tables 1, 2, and 3. 
The strontium’? excretion level in 1956 was 0.5 uuc/liter as determined in a 
pooled sample of 57 liters Figure 2 shows the excretion of sr’? for the three 
years following fallout exposure. Although there is considerable variation in 
the data for the various age groups at early times, mean values for all groups 
plotted suggest that the excretion pattern can be expressed conveniently as the 
sum of two expomential terms The larger portion of gr”? was excreted with a 
half time of about 40 days, and a small fraction. 20 percent, was excreted with a 
half time of about 500 days. This is similar to Cowan's (7) urinary excretion 
study of an accident case involving inhaled sr?°, 

As was noted in the March 1958 cet 3! levels, the excretion levels of sr’? 
were also increased to 3.5-4 0/0.2, or about 20 fold. Since cs?37 ievels in- 
creased 4300 - 5700/34, or about 140 fold, the ratio is about seven in favor of 


iL 


esiun ~' With the increases in urinary sr7° excretion levels in 1958, it was 
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pertinent to estimate body burden, burden expected at equilibrium, and daily 
intake of sr7° from these excretion levels. 

The metabolic behavior of strontium as outlined in Supplement # of the 
British Journal of Radiology was used to estimate body burden, etc. from urinary 
excretion levels of strontium?® (Appendix). The fraction of strontium absorbed 
from the gastro-intestinal tract is 0.6 and the biological excretion rate from 
the total body is 190 days. Of the absorbed fraction, 0.25/0.60, about 42 per- 
cent is deposited in bone and the biological half-life is 4000 days. Assuming 
that the absorbed fraction is excreted entirely in urine, the mean body burden 
of the exposed Rongelap group in March 1958 was 2 muc (+ 52 percent). This is 
about nine percent of the expected equilibrium value of 23 muc. The estimated 
burden of strontium’? for March 1958 is probably too low and compares with 
levels measured in stillborn children in the U. S. several years ago (8). The 
daily intake of strontium?© is estimated to be about 15 micromicrocuries or 15 
Sunshine Units (assuming a daily calcium intake of one gram). 

Dunning (2) reported that the average concentration of strontium’? in the 
Marshallese food supply could be about 360 Sunshine Units, but this would reduce 
to well under 100 Sunshine Units if the consumption of high Sr?° content foods 
were eliminated. With the elimination of pandanus and land crabs the diet used 
by Dunning indicated that the intake of strontium” would be 17 Sunshine Units 
per day. This compares favorably with the estimated intake of about 15 micro- 
microcuries from excretion analysis. 
zinc) Excretion Levels and Body Burden 

In early 1957 Miller (9) detected 2n®> in selected residents of Rongelep 
and Utirik by whole body gamma-ray spectrometry. Body burden ranged from 29.5 


to 73.0 muc for the Rongelap residents, and 482 and 229 muc was detected in two 


subjects from Utirik. The Rongelap subjects were residing on Majuro at this time. 
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Miller obtained an effective half-time of 110 days for the elimination of 
zn°?, and for the two subjects from Utirik the urinary to fecal excretion ratio 
was 1/9. 

Assuming the excretion to be entirely exponential and 10 percent of the 
body burden of 2n°9 excreted in urine, the March 1958 urinary excretion levels 


of 174 and 342 micromicrocuries indicate body burden, equilibrium body burden, 


and daily intake as follows: 


RONGELAP 
195% Exposed Group Control Group (Unexposed 1954) 
Body Burden (March 1958): 260 muc (+ 495) 540 me (+ 903) 
Equilibrated Body Burden: 330 muc 650 muc 
Deily Intake: 2100 uue/day ;} 4100 uuc/day # 
Percent Equilibration: 85.0 percent 83.0 percent 


The mean body burden estimated from 1958 excretion analysis for all Rongelap 
subjects showed a ten-fold increase over the 1957 whole body measurements. This 
increase correlates with the return of these people to Rongelap atoll from 
Majuro. Also the 1958 Rongelap zn®) burdens are comparable with the Utirik 
subjects in 1957, and the Utirik subjects would have been in equilibrium in 
1957 (half time of 110 days for the elimination of zinc”), 

The estimated intake of zinc®? (2000 to 4000 uuc per day) can not be 
accounted for by zn®9 activity levels reported in foodstuffs. Although this 
radio-nuclide reportedly accounts for a large fraction of the total activity in 
fish, this amounts to only about six uuc per pound of muscle up to 75 uuc per 
pound of whole fish (2) or at most four percent of the estimated intake. 
CONCLUSIONS. 

Since resettlement of the Marshallese people on Rongelap atoll in July 1957, 


a 
the urinary excretion level of cesium'>' nas increased about 140 fold and about 


# Assuming 100 percent absorption from the GI Tract 
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20 fold for strontium”. zine”? was readily detected in samples from the March 
1958 medical survey. 

The estimated mean body burden at equilibrium for cesium 3? is about 1.5 
microcuries or about 1/6 of the tolerance recommended by the International 


Commission for Radiological Protection for non-industrial populations. For 


strontiun?© the mean body burden of the exposed Rongelap group in March 1958 was 


estimated to be two millimicrocuries. This is about nine percent of the expected 
equilibrium value of 23 millimicrocuries. The equilibrated strontium’© burden 
is about 1/5 of tolerance. The estimated mean body burden of eine”? for 
Rongelap subjects in March 1958 is about 85 percent of the equilibration value 


of 0.6 microcuries and the equilibration value is 1/70 of tolerance. 
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TABLE 2 


EXCRETION LEVELS OF URINARY cesrum3? anp srronrrum?° 
IN THE MARSHALLESE DURING MARCH 1957 








SOURCE MEAN SAMPLE Ae (uuc/liter : 
VOLUME cesru3 STRONTIUM?° 

Exposed - Rongelap 4,100 ml 3h. 0.2 
Controls - Rongelap 3,664 ml 8. < 0.2 

| Exposed - Utirik 2,875 ml 1535. 0.2 

TOTAL SAMPLE 
VOLUME 

| 

BILLIET ;9 5,400 ml 62. 5 
IRQJI ;/2C 10,200 ml 168. 0.€ 
JOUN #40 2,700 mL 128. ‘ 

TIMA ;79 5,400 ml 103. < 0.2 
TOTAK #82 3,800 ml 120. «0.2 

RB ALEK (2123 2,700 il 3,759 . 

F souenan 2125 5,400 ml 1,698 <0.2 
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TABLE 4 


EXCRETION LEVELS OF URINARY cESIuM?37, porassrus?®, zinc’>, and STRONTIUM?® DURING MARCH 1958 


ow 


CONTROL GROUP 
J ( UNEXPOSED- 1954) 
RONGELAP 


CASE AGE URINE 127 Ln 65 00 
SUBJECT NO. SEX 1958) VOL. CESIUM ~ POTASSIUM? Cs/K ZINC STRONTIUM?” 


(m1) uuc/1 em K/1 uuc/ gm uuc/1 uuc/1 

m7] 
n TOIMIA 81 M 7 1880 767% 0.3 2475 99. 6.4 
0 82 F lt 400 9928 2.8 35 33 10.2 


KEJAI 830 M 20 = -4e75 5165 


+17 
~ 
“© 
< 
Ww 
o 


LOLE 831 M 18 1430 ZKO 1.4 5 306 2 
BWIO 836 MM oh 585 702 3.6 183 8. 2.5 
SAMSEN 838 M 2¢ 10515 1867 1a 5 30h. 5 
N ARTICLE 6h¢ M 2 2355 3393 1.4 2k 12 a 
| 
: LAT. 643 F 33 Ch90 2068 0.7 3041 5 1 
} NAMON Sho M 39 2640 368¢ 3.3 1156 948. 5.0 
' . 4 
MONEAN 85 M 60 2055 317¢ i8 2666 12 2.5 
— 
mf = “a a . — 
— JONNI 865 e 25 2125 462k Le 2688 219. 4.1 
Yr 
BATOL 872 M 14 527° 36 le 3947 195 1.3 
, 
i 
| ANTY 874 M 1 465 141 0.9 6533 131 3.2 
uN j 
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CESIUM '37 EXCRETION ( pLjLc/LITER) 
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Pigure 1. Excretion Levels of Urinary Cesium'37 at Various Times After Exposure 
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Figure 2. 
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STRONTIUM 9° EXCRETION ({L{Lc /LITER) 
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Excretion Levels of Urinary Strontium’”© at Various Times After Exposure 











1344 FALLOUT FROM NUCLEAR WEAPONS TESTS 


APPENDIX 


I. In the case of strontium elimination, the following assumptions were made: 

a. The population was returned to the contaminated atoll at time t = o, 
with a zero strontium body burden. 

bd. The population absorbs a daily increment of x uc, and x is considered 
to be a constant independent of time. 

c. The amount of strontium excreted in the urine each day is given by 
P(t) = Fat), where E(t) is the total excreted by all routes each day, and k is 
@ constant independent of time. 

d. The body is considered to be a two compartment system, A and B, where 
A+Be#il1. The excretion rates for each compartment are a and b days”? 
respectively. The portion of E(t) excreted from each compartment is proportional 
to the burden remaining in that compartment. For cesium and zinc elimination 
similar assumptions are made, except that only one compartment is assumed. 

e. Now: 

s(t) is total strontium body burden at time t in uc 
6 (t) and s(t) are the portions in each compartment No 
and s(t) = 6 (t) + s(t) 
Considering each compartment seperately and adding the results, 


ds = Ax - E(t) = Ax-kP ‘ 
ata y** j'*) = ae ~ a, 


hence = 8 (t) = Ax (1 - o°"*) ana s (t) = x (1-e”) 
1 a 2 b At 


Since E(t) = as + Bs 
1 2 


P(t) = : (es, + bs,,) 


A-1 





a 
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equilibrium body burden M = lim s(t) 
t — 00 
a(t) = a/R (1 - ont) + 2 (1 - “Pty 
M=x (4 + $) 


P(t) = = [A (r=.6°™).0.0ti": ot) | = & (1 -Aew** ~ pe) 


s(t A oat B 
l. y= % of equilibriwm = i ea(l- +b(l-e ) 
+ 


ei>| @ 
oii 


A B 
2. (t) = kP(t) @ (1 - e79*) + B (1 - e°P*) 


A(1 - e79%) 4 5 (1 - e- bt) 


3. xs ———_—_, Fit) 
A( ) 


1 - e° 8") + B(1 - c°9*) 
A +B 
a B 
A(l - e73*) + B(1 - e7P*) 


f. The following values for strontium metabolism were obtained from Supplement 


No. © of the British Journal of Radiology: 


7 5 
A= 12 B= 12 k=l and $s #0 


aes 3.05 x 10-3 days~2 and b = 1.73 x 1074 days~}, corresponding to a 


half-time of climination of 190 and 4000 days respectively. 
x = 0.6 x‘ and x' is total daily intake. 
At t = 270 days: 


P(t) = 3.45 x 107° uc/day (1954 Exposed Rongelap Subjects) 


3.9 x 107° 


uc/day (control Rongelap Subjects - Unexposed 1954) 
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II. In the case of cesium and zinc: 


a 


s(t) = a (1 -e°**) +5) e7at 


x is the daily accretion in uc/day, and 8, is the body burden in uc at t = 0, 


x = 
=-as +X = -a set qo (2 “= et)! +X 


= -E(t) + x 


kP(t) = E(t) =a b,e-** + : (1 - evety 


M= lin s(t) = x 
a 
t— oo 


Zine®? 
a = 6.3.x 107) days“) (t1/2 = 110 days) 


i iy 
6, = 0.03 uc 


Cesiun!3? 


a = 4.6 x 1073 days7) (t1/2 = 150 days) 


#The urinary/fecal ratio of radiocesium for human subjects is about 5/1, so that 


estimates of body burden are too low by about 20 percent. 
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HUMAN COUNTING FACILITY 
at the 
Walter Reed Army Institute of Research 
Walter Reed Army Medical Center 


Washingt on, DeCe 


Kent T. Woodward, Major MC 
Harry Ae Claypool, Captain HC 


James B. Hartgering, Lt. Colonel, MC 
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Whole Body Counter at the Walter Reed army Institute of Research became fully 
During the period 14 July 1958 through 31 March 1959, 
persons was measured for levels of Cesium-137 and Potassium-40. Of 
the total persons studied, by the criteria of having 

adioactive contamination throush occupatiun, and being physi- 


history of significant disease. 


repared utilizing the quotient of the two measurements as 
ization of the results. Since Cesium has the same valence as 
the sume whole body distribution in man, the ratio of these 


nr 


surements expressed as micro-microcuries of Cesium-137 per gram of natural 


potassium, eliminates weight as a variable, and makes it possible to compare levels 


in ople revardless heir total weight, muscle mass, age and sex. 
2 ’ ’ 2 


/ 


volunteers gave a half-times for excretion of 150‘~/ 


ue, the residence for an individual is taken to be 
most recently resided for a period of at least six months. 
od that if seogsraphical location has an et'fect on total 
rsou must live for at least six months in an area 


before theiz iy burden ‘ould reflect the local levels. 


\ : : 
ure 1) was designed to count large numbers of 


tical variation in levels of this isotope is of the 
cal studies on 425 individuals measured from July to Decenm- 
ber of 19° how a mean age of 31 years (q@=32%) and a mean weight of 159 pounds 


(GJ =218%). The population studied is weighted toward younger people because of our 


large military componen (Figures 1 and 2) 


the data are presented in Fires 2 through 9. Figure 4 


ition in radioactivity in the population measured due to the inherrent 





me 


re 
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fully potassium-40, ‘he mean was 2.45 disintecrations ner second per pound of total body 
9, weight (Q = 14%). This result is 6% lower than the value of 2.60 obtained by Dr. 
of E. Anderson and the Los Alamos group. 
1s 
Fivure 5 shows the distribution of the results for Cesium-137 activity. 
nysi- 4 
mean of 1.66 dps per pound (& = 30%) was obtained. Figure 6 shows the spread of 
results obtained for potassium-40 activity versus total body weight. 
s 
group of ten Reed Collese students provided an excellent opportunity for com- 
ce as , 
parison of the results from the Los .lamos and ‘alter Reed Yacilities. This sroup 
these 
was measured 25 February 1959 at Los Alamos and was again counted on 2-3 ipril 1959 
11 
at ’alter Reed. ‘whe results of this study are presented in Table 1. The agreement 
rels 
is con-idered excellent, particularly in view of the fact that two entirely independ- 
ent methods of calibration were used. The somewhat lower value for potassium-40 
fy 
Q*/ activity obtained at ‘alter iced is believed to be caused by the somewhat better 
be geometry vresented to the counter by our standards than is the case for a hunan beins. 
nths. New standards are being prepared which will more closely approximate the geometry of 
tail aman. ‘This should result in a steeper slore to the mass versus efficiency curve, 
a with a lower efficiency at hisher total body weights and a resulting higher value 
for the calculated activity due to potassium-40. The lower value for potassium ac- 
isi 5 seas : ae , 137 
tivity also directly explains the slithtly higher value obtained for uuc °s 1 per 
- 
gran of potassium. 
the 
cen- ‘able 2 summarizes the data on 656 residents of the U.... measured between July 
unds 1958 and tarch 1y54, und sable 3 in like manner presents the results obtained on 
our residents of Forei.m countries. ‘o;t of the so-called “orei.m residents actually 
represent li... troo returned fron overseas tours of duty in excess of six months. 
re & Sables 4,5 and 6 nresent a detailed seozraphical brea’:down of all the data. 


nerrent figures 7,8 and 9 present the results fron the Jnited ‘tates for the time periods 
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indicated, plotted in the arbitrarily chosen geographical subdivisions. 7 


The most impressive thing about this large collection of data on hum:n beings 


is the effect of the normal biological variation on results obtained from small 


groups of people. ith a few exceptions, any analysis accomplished by increasing on | 
the size of the group, whether by combining small geographical areas into larger num 
ones, or by increasing the period of time over which the average is taken, results dra' 
in the mean level for 331 97 activity in the group approaching that determined for ove! 
the largest group studied, namely, the ashinzton, D.C. area. reg 
Considering the normal distribution of the results (Figure 5) it is apparent 
that if two areas are to be compared, large numbers of individuals must have been 
measured from each of the two areas. Jhe only two I!..)%. areas satisfying this cri- nel. 
terian are areas 7 and 8, in which 52 and 420 individuals were counted respectively. 
The levels of 77 and 67 uuc cst? per gram of potassium suggest that perhaps a real 
difference exists between these two areas. ilowever, since the areas are contiguous, _ 
the reason for the difference is not readily apparent. The possibility of a signi- eas 
ficant difference in rainfall must be considered, since the great majority of people e 
measured in ‘Area 8 are from the immediate /ashington, D.C. area. 
wil. 
Comparing lar:er geographical subdivisions shows little difference in the results 
except perhaps for the southwestern part or the nation. ‘wr. .inderson's results should ie 
clarify this question, since most of his subjects should be from this area. = 
rang 
The vorld Jide results also follow this pattern, with two exceptions. Levels pro} 


in troops returned from wurope appear higher than those obtained for the resident 
Ueie population. ‘tesults on seven cases from ‘iouth America indicate a significantly 
lower level for the southern herisphere than for the northern hemisphere. However, 


considerably larger numbers of people from these areas should be counted to confirm 


this impression. A similar result was obtained by !.arinelli et al on 23 |.ay 1957 on 
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11 South American subjects who showed a mean of 14.6 uuc os137 /gram K as opposed to 


(2) 


a mean of 35 for Chicago subjects at this same time. 


v“igures 7,5 and 9 show the results for the three time periods indicated plotted 
on a U.S. Map in twenty arbitrary geographical subdivisions. hecause of the small 
numbers of individuals measured from rany of these areas, it is not possible to 
draw conclusions regarding variation in levels over the nation. for the same reason, 
over the short period of nine months of operation, no conclusion has been atteinpted 
regarding possible increase or decrease in the averaze national level over the past 
nine sonths. 

“igure 10 is a composite curve obtained from the data of steven) and i:ari- 
nei1i(?), plotted from ! arch of 1955 to the present. 

The curve from l.arinelli's data was obtained by calculating means from the 
curves for his 8 control subjects. anderson's data was then plotted to the sare 
scale, as were the two peints representing the data from walter Reed irmy Institute 


of Research. 


It is hoped that the facility at the ‘alter teed .rny Institute of esearch 
will provide data from large numbers of people. In conjunction with the hole -ody 
Counter to be placed in operation in June of 195) at Landstuhl, Cerciany by the ".-. 
Army, considerably more data will be obtained in the next few years. Only a lon: 
range program will permit detailed analysis of the variables pertinent to this 


problen. 
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uuc og 137 cram tassi lumber Surveyed 


14 July '58 ec. 8 nee July 5 
> ‘ Cumulative to 


12 Dec. '58] 31 March '59| “verace 12 Dec. '58 
U.S. Area 1 70 53 68 7 
2 79 69 75 8 
58 69 65 
67 . 67 
42 42 
14 : 16 
80 é 7 
67 ‘ 67 
78 Th 
72 
1 70 
12 60 
13 0 73 
14 78 
15 71 
16 6 55 
17 58 55 
18 72 16 
19 81 67 1 3 
20 60 57 1 5 
Area 8 67 69 67 320 100 
All other U.S. 74 64 70 154 82 
Total U.5. 69 67 68 474 182 


All Non U.Ss: 72 66 70 87 54 
Total ‘orld 70 67 68.5 561 236 


Table 5. WMicro-!‘icro Curies e317 /gram K in Man - world Wide - July 1958 through 
March 1959 
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uuc cs)! /gram potassium Number Surveyed 
; . . 
aa 1 = eae Cumilative 1 — " 12 = 8 es 
12 Dec. '58}] 31 March '59 12 Dec. '58{ 31 March '59 
Europe 78.5 77 78 47 18 65 
Italy 107 53 89 2 1 3 
France 86 109 89 15 2 17 
Cermany 72 74 73 28 15 43 
England 99 - 99 1 - 1 
lMolland 74 + 74 1 - 1 
hiddle Hast 60 71 66 2 3 5 
Turkey 82 54 68 1 1 2 
Iran 38 - 38 1 - 1 
Pakistan - 79 79 - 2 2 
ar Cast 69 58 64 26 23 49 
Nawaii 65 71 66 6 2 8 
Guam 52 - 52 2 - 2 
Philippines 82 51 66 1 1 2 
Japan 72 60 69 15 6 21 
Korea 72 55 58 2 11 13 
Thailand - 1 46 - 1 1 
Formosa - 67 67 - 1 1 
Okinawa - 58 58 ~ 1 1 
Central America 72 56 62 2 3 5 
Panama 78 - 78 1 - 1 
Puerto ico 63 62 62 1 1 2 
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Suba - 57 57 - 1 1 
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Number Surveyed 


’ >"; 
Cumulative July '58] 12 Lec. 


\werage 


Central America 
continued 
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South America 
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Nidway 
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- 
Table 6. Micro-Micro Curies cs)! /grem K in Man - World Wide - July 1958 through March 1959. 
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(Thereupon at 4:40 p.m., Wednesday, May 6, 1959, a recess was 
taken until Thursday, May 7, 1959, at 10 a.m.) 
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THURSDAY, MAY 7, 1959 


ConaGress OF THE UNITED States, 
SpeciaL SUBCOMMITTEE ON RapIATION, 
Joint ComMMITTEE ON ATOMIC ENERGY, 
Washington, D.C. 

The subcommittee met, pursuant to recess, at 10 a.m., in room P-63, 
the Capitol, Hon. Chet Holifield (chairman of the subcommittee) 
presiding. 

Present : Representatives Holifield, Durham, Price, and Van Zandt ; 
Senators Anderson (chairman of the Joint Committee), Pastore, 
Gore, and Bennett. 

Also present: James T. Ramey, executive director; George E. 
Brown, Jr., and George F. Murphy, Jr., professional staff members; 
Richard T. Lunger, technical adviser; and Dr. Paul Tompkins, 
committee consultant, Joint Committee on Atomic Energy. 

Representative HoxirreLp. The committee will be in order. Our 
first witness this morning on the developments in radiation biology, 
with particular reference to the somatic effects of radiation, will be 
Dr. Austin Brues, of the Argonne National Laboratory, and Dr. 
Lloyd W. Law, of the National Cancer Institute of the Public Health 
Service. Will you gentlemen please come forward ? 

Dr. Dunnam. Mr. Chairman, I would like to present to you and 
for the record a statement by the General Advisory Committee of the 
Atomic Energy Commission at the request of the Chairman, Mr. 
John A. McCone, which has to do with the AEC studies in relation- 
ship to the fallout problem. 

Representative Hotirretp. This material is a statement by the 
General Advisory Committee to the United States Atomic Energy 
Commission. In view of the standing of this committee and the 
personnel involved in it, the committee will accept it, and it will be 
included in the record. At the time there will be questions directed 
to points raised in this statement. The acceptance of it, of course, 
by the committee does not necessarily mean that the committee ap- 
proves or disapproves of the statement. It is an independent state- 
ment by the General Advisory Committee. 

Thank you, Dr. Dunham. 
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(The statement by the General Advisory Committee follows to- 
gether with an introductory letter to Chairman McCone from Warren 
Johnson, Chairman of the General Advisory Committee) : 
YENERAI ADVISORY COM MITTEE 


TO THE U.S. ATOMIC ENERGY COMMISSION 
Washington, D.C., May 4, 1959. 

























Mr. JoHN A. McConeE, 
Chairman, U.S. Atomic Energy Commission, Washington, D.C. 


DearR Mr. McCone: In acordance with your request of March 23, 1959, the 
General Advisory Committee to the U.S. Atomic Energy Commission was called 
into special session for the purpose of reviewing (1) the problems presented 
by radioactive fallout, and (2) the activities of the Commission as well as 
those of the Department of Defense and other groups pertaining to these prob- 
lems, with the objective of providing the Commission wth any advice and sug- 
gestions that subsequently might appear pertinent. The Committee met in 
Washington for 214 days, April 9-11, during which period briefings and dis- 
cussions were held with a number of experts in the field representing national 
committees, the Department of Defense, the Atomic Energy Commission, the 
Department of Health, Education and Welfare including the Public Health 
Service, and others. Fortunately, the general problem of fallout is not new to 
the Committee; its members have followed the problem for a number of years. 

The General Advisory Committee commends the Atomic Energy Commission, 
and Dr. Libby in particular, for having recognized the problems pertaining to 
fallout and radiation hazards at an early date, and for having initiated in- 
vestigations on these problems several years ago. It also commends the De 
partment of Defense for the important contributions it has made to an under- 
standing of these problems. The cooperation between the Department of De- 
fense and the Atomic Energy Commission appears to the Committee to have 
been excellent. If studies pertaining to fallout had not been implemented when 
they were, we would not have the understanding of fallout that we have today. 
Attached is a statement which the Committee has prepared and endorses unan- 
imously. 

Sincerely yours, 
WARREN CC. JOHNSON, Chairman. 





STATEMENT BY THE GENERAL ADVISORY COMMITTEE TO THE U.S. 
ENERGY COM MISSION* 


ATOMIC 
























(1) The General Advisory Committee has reviewed carefully the available 
facts and many opinions regarding the magnitude of fallout to date, and how 
much can be anticipated in the future from weapon tests that have already 
been carried out by the United States, the United Kingdom, and Soviet Russia. 

(2) We find that the Atomic Energy Commission has released all significant 
fallout data to other agencies and to the public. Certain information as to the 
estimated yield of various weapons tests and certain other factors bearing on 
the radioactive content of the upper atmosphere have defense implications which 
require classification, but the significant information on actual fallout through- 
out the free world that the AEC has developed has been released. Furthermore, 
the Commission has been largely responsible for the development of equipment 
and procedures to measure extremely minute quantities of radioactive materials. 

(3) It is now apparent that the circulation of the upper atmosphere, and 
particularly the stratosphere, is much more complicated and the concentration 
of bomb debris less uniform than had been anticipated when early estimates 
were made. This has resulted in nonuniform distribution of the fallout with 
higher concentrations in the middle latitudes of the Northern Hemisphere. 
Fortunately, it was just here that most of the early measurements of actual fall- 
out were made. The principal result of later information has been to reduce 
somewhat the earlier estimates of future fallout of debris which has been in- 
jected into the stratosphere near the Equator by the United States and United 
Kingdom tests. The debris injected last autumn by U.S.S.R. tests into the 
stratosphere in the more northerly latitudes has been falling out quite rapidly 
and is largely confined to the Northern Hemisphere. 

A reasonable estimate of the amount of fission products that has been injected 
into the stratosphere by all nuclear tests is 65 megatons (TNT equivalent) of 
fission energy. This corresponds to about 100 pounds of strontium 90 in the en- 













*For comments on GAC statement, see vol. 3, app. D. 
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tire stratosphere. It is estimated that fully 50 percent (50 pounds) of this 
strontium 90 has already fallen out. This means that not more than half of 
the total strontium 90 injected into the stratosphere still remains there. 

(4) The present state of knowledge does not permit a full evaluation of the 
biological effects of fallout. However, in order to place the hazard of fallout 
in proper perspective, it should be pointed out that the amount of total body 
external radiation resulting from fallout to date, together with future fallout 
in any part of the world from previous weapon tests, is— 

(a) less than 5 percent as much as the average exposure to cosmic rays 
and other background radiation. 

(b) less than 5 percent of the estimated average radiation exposure of 
the American public to X-rays for medical purposes. 

(5) It is interesting to note that human beings have lived for many genera- 
tions in parts of the world which have 5 times or more the background radiation 
normal to the United States, or more than 100 times the average amount of 
radiation from fallout in the United States. 

(6) In regard to internal effects of strontium 90 due to ingestion, the amount 
of strontium 90 which has been found in food and water is less of a hazard than 
the amount of radium normally present in public drinking water supply in 
certain places in the United States, and in public use for many decades. 

(7) Next, the Committee addresses itself to the question of the responsibilities 
of the Atomic Energy Commission with regard to radiation safety. Clearly, the 
Commission must assure itself that it is conducting its own operations in a safe 
manner, as is required by the Atomic Energy Acts. To meet these needs the 
Atomic Energy Commission has established, in addition to worldwide sampling 
of air, soil, foods, and water, an effective and outstanding biological and medical 
research program in the general field of radiation hazards and protection. The 
AEC needs this program in order to have scientific facts available to insure 
and improve the safety of its own operations. Therefore, the Committee rec- 
ommends that the AEC continue its scientific studies in these areas. 

As the civilian use of X-rays, radioisotopes, and nuclear reactors increases, 
public health authorities should actively sponsor proper public standards of 
radiation safety. In so doing they should continue to make use of all informa- 
tion available. The relation between the public health authorities and the AEC 
in its civilian activities should be analogous to that between the same authorities 
and most industry. The Public Health Service and the Food and Drug Admin- 
istration should make the best use of information developed by the AEC and 
others and should be given whatever funds are necessary for programs to be 
carried out on their own initiative, whether these programs be in the realm of 
research, training, or dissemination of information to local authorities. It will 
take time for the public health authorities to develop such programs and to 
acquire the necessary background of knowledge and experience. In the opinion 
of the Committee, the public health agencies, both national and local, should 
gradually assume responsibilities for matters pertaining to the regulation of all 
radiation hazards affecting the public. At present X-rays are the most important 
artificial source of such hazards. 

(8) It is the opinion of the committee that the level of effort the AEC has 
devoted to its research programs on radiation standards and protection, in their 
broadest sense, has been quite adequate. However, it is realized that in several 
areas of the programs considerable time will be required to obtain conclusive 
results which will provide a more comprehensive understanding of radiation 
and its effects. 

(9) The committee feels that although the AEC is releasing information on 
fallout to the public promptly and completely, the statements and scientific 
papers presenting this information have not always been in a form readily 
understood by the public. As a result, the public has been confused about the 
status of fallout and its implications. There is a real need for clear, simple 
exposition of the facts of fallout in media widely available to the public. We 
feel that the Commission should assume this responsibility. It should be clearly 
explained to the public that weapons tests have been an essential part of our 
effort to prevent the occurrence of nuclear war. 


Jesse W. Beams, Manson Benedict, James W. McRae, Eger V. 

Murphree, Kenneth S. Pitzer, J. C. Warner, Robert E. Wilson, 

Eugene P. Wigner, Consultant; Warren C. Johnson, Chairman. 

Representative Houirietp. Now gentlemen, we will start the pro- 
gram. Do you have a prepared statement, Dr. Brues? 
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STATEMENT OF DR. AUSTIN BRUES,' ARGONNE NATIONAL 
LABORATORY 


Dr. Brurs. Thank you, sir. I do. I will summarize part of it and 
read part of it. 

Representative Hotirteip. Yes. 

Dr. Brurs. Mr. Chairman, I was asked to make a statement bring- 
ing into focus the progress in understanding the somatic effects of 
radiation since the hearings 2 years ago. I might emphasize that 
somatic effects of radiation in this context are the effects on the cells 


of the body other than the germ cells, which will be discussed by other 
witnesses. 


At the time of the last hearings, we had much detailed knowledge 
of large doses of radiation on man and on the higher animals. It was 
brought out in those hearings that a shortening of life occurs as a 
result of doses of radiation that are not quite high enough to kill an 
animal in an acute mode of death; also, that various forms of cancer, 
and particularly leukemia, are brought about by such doses of radia- 
ion. The fact that human beings exposed to fairly large doses of 
radiation (say 100 r) have an increased chance of developing leukemia 
is beyond question. Similar evidence makes it clear that radium in the 
human skeleton has been responsible for cancer of the bone. 

There has been real progress in the treatment of acute radiation 
sickness—the state that claimed so many thousands in Hiroshima and 
Nagasaki, and which has been observed in some rare individuals in- 
jured in mishaps associated with nuclear materials and reactors. It 
has now been found, in treating victims of the Yugoslav reactor ac- 
cident, that human bone marrow will grow in an injured person and 
supply urgently needed blood elements, and that dangerous complica- 
tions of the use of foreign tissue can be avoided. 


1 Birth date: Ape. 25, 1906. 

Education: A.B., Harvard University, 1926; M.D.. Harvard Medical School, 1930. 

Experience: Medical resident, Huntington Memorial Hospital, Boston, Mass., 1930-31; 
house officer, Massachusetts General Hospital, Boston, Mass., 1931-32: assistant in medi- 
cine, Harvard Medical School, Boston, Mass., 1932-34: graduate assistant, Massachusetts 
General Hospital, ibid., 1932—34 ; assistant physician, Huntington Memorial Hospital, ibid., 
1932-37: Research Fellow in Medicine, Harvard Medical School, ibid., 1934-35 ; instructor 
and tutor in biochemistry science, Harvard College, ibid., 1934-42; Moseley Traveling 
Fellow, Harvard University and Royal Cancer Hospital, London, England, 1935-36; gradu- 
ite assistant, Peter Bent Brigham Hospital, Boston, Mass., 1936-37: instructor in medi- 
cine, Harvard Medical School, ibid., 1986-37; associate physician, Huntington Memorial 
Hospital, ibid., 1937-41: associate in medicine, Harvard Medical College, ibid., 1937-42; 
ward visit, Boston City ee ibid., 1938—39 ; freshman advisor. Harvard College, ibid.. 
1939-42; junior associate, Peter Bent Brigham Hospital, ibid., 1940-41; intern, Army 
Induction Center, ibid., 1940-44; associate physician, Peter Bent Brigham Hospital, ibid., 
1941-42; responsible investigator, Office of Scientific Research and Development, ibid.. 
1941—44 ; assistant professor of medicine, Harvard Medical School, ibid., 1942-45; assistant 
physician, Massachusetts General Hospital, ibid., 1942-45; senior biologist, Metallurgical 
Laboratory, University of Chicago, Chicago, Ill., 1944-46; associate professor of medicine, 
Department of Medicine and Institute of Radiobiology and ay ibid., 1945-52 ; pro- 
fessor, 1952—-—: senior biologist and director, Biological ivision, Argonne National 
Laboratory, Lemont, Il, 1946-50; senior biclogist and director, Division of Biology and 
Medical Research, ibid., 1950——. 

Professional societies: American Academy Arts and Sciences; American Association of 
Anatomists: A.A.A.S.; American Association for Cancer Research (president, 1954-55) ; 
American Clinical and Climatological Society ; American Physiological Society ; American 
Society for Clinical Investigation ; Association for Study of Internal Secretions; Associa- 
tion of American Physicians; Centennial Society of Clinical Research ; Institute of Medi- 
cine of Chicago; Society for Cell Biology ; N.Y. Academy of Sciences; Society of Experi- 
mental Biology and Medicine; Tissue Culture Association; Radiation Research Society 
(president, 1955-56). 

Member of United Nations Scientific Committee on the Effects of Atomic Radiation; 
member of Advisory Committee, Atomic Bomb Casualty Commission; consultant to the 
Office of the Surgeon General. 

Professional societies: Member of World Health Organization, Mental Health Com- 


mittee: member of Subcommittee on Internal DPmitters of the International Commission 
on Radiological Protection. 
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We don’t know whether these individual lives were saved because 
we don’t know what would have happened if they had not gotten 
radiation, but this treatment is now on a more sound basis than it was. 

I would like to mention the scientific background of this form of 
treatment which illustrates some things about how this work goes. 
Just after the war we were studying the effects of radio strontium and 
comparing them with X-rays, and were impressed with the impor- 
tance of the blood forming organs in recovery from radiation sickness. 
Experiments were made by Jacobson, who shielded parts of the body. 
Lorenz at the National Cancer Institute then got into the work and 
first showed the lifesaving efficacy of bone marrow. Many problems 
remained in making this a safe and useful procedure and these have 
been worked out at Argonne, Oak Ridge, and elsewhere. Now, not 
only is the procedure useful in accidental radiation injury, but it looks 
hopeful as a means of giving large enough doses of radiation to cure 
leukemia, and still save the patient from fatal radiation effects. 

In a number of clinics this sort of work is now going on. 

The interesting point here is that this discovery grew out of one of 
the first fallout studies that was made. This kind of work was not as 
popular then as it is now. In fact, Lorenz was substantially sup- 
ported by the Atomic Energy Commission through a contract with 
the Argonne Laboratory. I have emphasized progress in the acute 
disease. While that is not our main interest here, it would be an 
enormously important problem if there were the possibility of a 
nuclear war. 

Representative Houirretp. Of course, the significance of this dis- 
covery does not mean that it would be practical to use this particular 
method in the case of thousands of injuries. 

Dr. Brurs. We can see some enormous logistic difficulties about this. 
A number of us have been thinking about this. 

Representative Hoirtetp. It is something like the problem of blood 
transfusion only much more difficult. 

Dr. Brurs. Yes, sir. 

Representative Horirretp. In the treatment of individual or very 
few cases, such treatment might become significant. But from the 
standpoint of saving populations that have been exposed, this would 
be for practical purposes of no particular importance. 

Dr. Brurs. I would agree that it would be enormously difficult to 
tool up for this sort of an operation. 

Representative Hotirretp. We try to keep this in the proper per- 
spective because we might get a newspaper story, you know, some- 
thing like the headlines on the New York press this morning, saying 
we have now discovered a way of curing all radiation by applying one 
specific statement in such a way that the whole population would gain 
some unfounded hope as to their safety from radiation in case of war. 
We want to keep these things in perspective. 

Dr. Bruges. Thank you very much. 

Representative Hoxirietp. Although we are very thankful that we 
found out we can do it. 

Dr. Brures. Thank vou for calling my attention to the fact that I 
do not want to say anything that would mitigate a thermonuclear war. 

At the last hearings I think we left the impression that no matter 
how large a dose of radiation is given, it is possible and indeed some 
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persons felt likely that a proportionately low number of leukemias 
and cancers and a proportional shortening of the life span would 
occur. I have to report now that there is still no proof or disproof 
of this proposition, and that in fact we don’t know where it might be 
coming from. This is because of the very small proportions of a popu- 
lation that would be involved at fallout levels even under the most 
extreme guesses that have been made. 

Proponents on both sides of the argument are agreed that it would 
take millions and more likely billions of mice to settle the point di- 
rectly. Possibly large enough human populations which were identi- 
cal with respect to everything but radiation exposure might settle 
the point. We are looking quite seriously into this, but it is doubtful 
that we can count on an entirely secure answer on these levels, because 
of the relatively few vital statistics. The more fruitful advances 
come from the study of proportionality or nonproportionality, where 
we do have information. That is, where the numbers of injured indi- 
viduals in terms of tumors may or may not be proportional to the dose 
of radiation which is given at high doses. Perhaps even more by 
studies as to the basic nature of processes in the cells and body which 
produce leukemia and cancer. 

I may say that when we look carefully for proportionality we gen- 
erally fail to find it. R.H. Mole summarized a large amount of work in 
the British Medical Bulletin last year: I shall supply a copy of his pa- 
per for the record (see p. 1409). Dr. A. C. Upton, speaking before the 
American Association for Cancer Research last month, demonstrated 
« number of instances in which cancer or leukemia is produced by 
radiation, in none of which the relation is proportional, and in which 
the shape of the relation differs very much from one case to another. 

Representative Ho.irretp. Will you please explain for the lay 
reader of this record what the phrase “in none of which the relation 
is proportional” means? 

Dr. Brurs. Perhaps I might use the blackboard. The proportional 
hypothesis, as I am calling it, is one which assumes that the number of 
leukemias or tumors plotted against the dose of radiation makes a 
straight line which goes down to zero. This, I think, is the most pessi- 
mistic situation which any of us can conceive of as a reasonable pos- 
sibility. 

Representative Houirretp. Now, are you speaking of both somatic 
and genetic or somatic ? 

Dr. Brvers. I am limiting my remarks to somatic effects. I think 
the later speakers will emphasize that the evidence on the genetics 
effects is possibly clearer, and this may indeed be the proper descrip- 
tion of the situation. However, in the case of the somatic effects which 
Dr. Upton brought together in his paper, it appears that they may 
vary in a number of different ways. At the higher levels we must 
leave out those levels which are too low to examine, because the pro- 
portions of individuals would be to small to give us a significant 
answer. This is what I mean by the shape of the curve. I mean a 
deviation from the straight line or proportional hypothesis. 

_ Our own work involving the production of bone tumors by stron- 
tium 89-90 has always shown a dropping off of the number of tumors 
in terms of dosage as the dosage goes down. If we look at the animals 
at any given time after the strontium has been given, that is. It is not 
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always the case in the lower doses are relatively less effective than the 
higher ones, according to some experimental work that has been pub- 
lished. Bond and his colleagues at Brookhaven found that for a —_ 
ticular type of rat which is susceptible to tumors, there seems to be a 
direct proportion between the number of tumors and X-ray dose be- 
tween 25 rand 400 r. It is the opinion of some that radiation was in 
this case hastening the normal processes of tumor formation. 

Senator Pastore. Doctor, one of the frustrating and I suppose irri- 
tating situations or incidents with relation to asking questions of 
witnesses, especially in such an involved field as this where so much 
ground is covered, is to have a Senator drop in casually and get into 
something that may have been covered thoroughly. You will forgive 
me if I dothat today. We have so many other commitments that most 
of us who would like to attend these hearings a little more consistently 
and constantly do not get the opportunity. I hope you will forgive 
me and shut me off if I cover a field that has been exhausted. 

I remember in 1955, I visited Hiroshima. That was, of course, 10 
years after the bomb was dropped in August of 1945. I noticed 
there at Hiroshima we had quite an elaborate research laboratory built 
on the side of the hill to which the people fled at the time the bomb was 
dropped. That and the Nagasaki incident are unique—with the excep- 
tion of these accidents or incidents that have happened, or the incident 
we had in the Pacific, and I happened to be there too after that inci- 
dent, where that population was transferred to the Island of Kwaja- 
lein—I recall we had very, very extensive laboratory facilities at Hiro- 
shima, and the purpose was to take cultures and to examine the people. 
That is the only known place on the face of the earth where a 14 kilo- 
ton yield bomb was dropped, with the exception of Nagasaki. 

We have been conducting these experiments. I would assume that 
it being a fission bomb that was dropped, you would have an incident 
of a tremendous amount of strontium 90 that was deposited in the 
atmosphere within that locality. In short, and if it has been covered, 
I don’t want to pursue this too far, what have we actually found out 
with regard to Hiroshima and the amount of money and the amount of 
experiments that we have conducted there? After all, there were 
300,000 people in that locality. It was a 14 kiloton bomb. It was a 
dirty bomb. There is no question at all about that in relation to this 
discussion of dirty and clean bombs. What was actually found out, 
and what is the situation today ? 

Dr. Brvues. Sir, I would like to answer that in two parts. First, 
not much is to be found out from the events at Hiroshima and Naga- 
saki concerning fallout because there was very little fallout. I myself 
collected some soil a year after the Nagasaki bomb went off in the area 
which was supposed to be most highly contaminated, and the con- 
tamination was relatively quite low in terms of fallout from modern 
bombs. I think that we have found out that the levels of fallout were 
sufficiently low that one would not expect to see anything. The 
important—this is my second part—findings that have come out of 
there, and that are continuing to come out of there relate to the effects 
of the radiation that comes over immediately with the flash of light 
from the bomb. In this regard we have, of course, very extensive 
data on the rates of leukemias. 
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We have information which we might perhaps get in no other way 
as to the fact that if one is exposed to radiation that leukemia de- 
velops for a few years, and then appears to drop off. It would be 
another 5 years before this is absolutely verified but this seems to be 
the case. 

This population is also being followed from the standpoint of 
other diseases, and this has had to be tied in with a rather extensive 
study of the exact dose which people got, and which has to be worked 
out individual by individual. I would say we have not answered all 
of the questions that ought to be answered, but I think this is an 
irreplaceable opportunity to learn some things which we would have 
been very remiss had we not set up to learn. We hope that this won’t 
repeat itself. 

Senator Pastore. Therefore, is it fair for me to assume that with 
relation to the precise problem that concerns us at the moment with 
relation to contamination that springs from testing and from fallout, 
the situation of Hiroshima had a very small part to play scientifically 
speaking, in obtaining the answers and giving us the results that we 
are trying to seek out with relation to the overall problem of con- 
tamination that comes as a result of testing and fallout after this 
debris gets into the stratosphere ? 

Dr. Brurs. I think that is right. The information bearing directly 
on fallout which we get from there is information gained indirectly 
through learning about the mechanism of radiation and its action on 
the human beings. 

Senator Pasrore. Will you say that again ? 

Dr. Brues. I think the information that we get there is chiefly val- 
uable in this other area of the acute radiation effect and its latent 
effects on the human beings. What we are learning there that is per- 
tinent to the fallout question is what we are learning through our 
becoming familiar in this study with more and more things about the 
effects of radiation on human beings in population. This indirectly 
has bearing on the fallout problem but is not sufficient in itself, by 
any means. 

Senator Pasrore. Therefore, is it fair for me to say again that the 
only tangible results we may hope to obtain insofar as guiding us 
properly with relation to this matter of injury from fallout and what 
result it has on human beings—God forbid that it gets to the point 
that it is excessive and does deposit itself on certain people through- 
out the world—the only experiments thus far that provide any tech- 
nical knowledge to guide us is from mice or possibly an incident that 
might occur in some of these reactors? 

Dr. Brurs. We have, of course, additional information which we 
are getting and will get from the rather heavier fallout that occurred 
in the Marshall Islands which you mentioned. I mentioned this as 
an example of a human study which has direct bearing on this. This 
was fallout at higher levels by far than what we have or contemplate 
having. 

Senator Pastore. Is that the situation of which I have spoken, the 
people that were transferred to Kwajalein ? 

Dr. Brues. Yes, sir. 

Senator Pastore. Apart from that group of people we have to rely 
chiefly on the experiments that have been made with animals. 
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Dr. Brurs. I was going to mention a little bit later that it is also 
possible that we can find human populations which have received 
different doses of radiation and which are very large populations and 
are comparable. ‘These populations exist, for inst ance, in the areas 
where the radium content of the drinking water varies rather widely. 
Here we can compare directly persons who got a very low amount of 

radium deposit in the skeleton with other persons who got radium 
dpe in amounts which we still cchdnen essentially negligible 
but which under the most pessimistic hypothesis might have an effect. 

Senator Pastore. Now in order to conclude my inquiry with regard 
to this phase of the problem, is it fair for me to assume that tech- 
nologically speaking and scientifically speaking we have the basis at 
the present time which is substantial enough and has substance enough 
to give us warning as to what will happen and what effects it will have 
on human beings if we continue this business of testing and intensify 
the amount of debris in the atmosphere which will increase the volume 
of fallout ? 

Dr. Brurs. I doubt that we have the information and I don’t 
know when we will get the information that would tell us precisely. 

Senator Pastore. I don’t mean the information. I mean do we 
have the source and the basis upon which to predicate our experi- 
ments that will lead to information 4 

Dr. Brurs. We have ways in which to proceed, and this is what 
part of our research is directed to at the present time. 

Senator Pastore. In other words, the problem is a little more than 
academic. As a matter of fact, we are now in a situation where we 
have enough scientific bases and predicates and foundations in order 
to make a fairly good judgment as to where we are going in this par- 
ticular field if this testing and fallout business continues. 

Dr. Brves. I would say, sir, that we know a considerable part of it. 
There are still parts of it that must be worked out and understood. 

Senator Pastore. Am I to understand that as the situation exists 
today no one can stand up and say that we have little or too much 
contamination in the world for humankind to sustain because we 
don’t know scientifically what the situation is ? 

I have heard so much about people debating we have enough and 
we have less or we have too much. What I am trying to pin down 
here is this: Are we actually still in the dark? Don’t we know just 
how much damage can really be wrought upon humankind even with 
the debris that is in the atmosphere at present! Do we have the tech- 
nology and the scientific knowledge that puts a man in the position 
that ‘today he can stand up and say we have not quite enough or we 
have too much ? 

That is what I am trying to determine in my own mind and I think 
that is the one thing that is disturbing the American people. You 
pick up the newspaper and you hear a very reputable scientist say 
we have nothing to worry about. 

I heard that yesterday. Then I picked up the newspaper and I 
found out that another distinguished eminent gentleman made a 
speech downtown and he says there is nothing to worry about. Where 
does the American public stand and I would like to have somebody 
say it in simple English ? 
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Dr. Brvrs. I think what we have to worry about, if we have any- 
thing to worry about, at the present levels of fallout is so much less 
than other hazards that we receive rather innocently that in that 
sense we have nothing to worry about. I think it is a scientific im- 
possibility to say that no one individual has been injured by the pres- 
ent fallout. 

This is beyond possibility to state at the present time. I think 
this is not unique. I think if we were to inquire as to whether some 
of the chemical agents that produce cancer in the exhausts of auto- 
mobiles are giving us anything to worry about or are not, scientific 
opinion would say no, we don’t know and we don’t know how to find 
out. 

I think this is a very parallel problem. I can say, however, that 
if we have anything to worry about from our present levels of fall- 
out, it is much less than we would have to worry about on the basis 
of going from one part of the country to another where the radiation 
level is doubled because of natural causes. Whereas, in the case of 
fallout this is not the case at present. 

Senator Pasrore. Am I fair in assuming, then, Doctor, that inso- 
far as you are concerned you have no immediate apprehension that 
the situation is such as of today that we ought to be unduly alarmed? 

Dr. Brues. I would say that this is right. I think there has been 
a tendency on the part of the public to feel either that the situation 
is an entirely safe one that can be forgotten about or on the other 
hand that if we get above a certain level there is going to be a catas- 
trophe and lots and lots of people will die and there will be an epi- 
demic. This is not true. 

Senator Pastore. There is more substance to it than that. It is 
not an abstract theory. How will a housewife in New York State 
feel this morning when she reads the glowing headline in the news- 
paper that there was more strontium in the bread that she eats than 
was estimated. This is serious business. Every time you take a bite 
of another slice of bread you worry about how much strontium 
90 is in it. That is how serious it is. 

I think somewhere along the line somebody has to tag this down 
in more than nebulous debatable words and tell the American public 
exactly how serious this is and where we are goin. 

Dr. Brurs. I think we can do this in the contexi of other things. 
Does the housewife worry when she goes shopping and inhales the 
exhausts of automobiles which in some of our streets are quite loaded 
with polluting agents of one sort or another. I think not. I think 
it is an overemphasis which has been placed by some individuals on 
this particular hazard while we have many others which exist at 
levels which we have believed and believe are not of concern but 
nevertheless they could be. 

I think if it were true of the fallout radiation that this is a real, 
although relatively very slight hazard at the levels that exist, we 
should by the same token worry about a great many more things 
which have not concerned us up to the present time. 

Senator Pasrore. Which brings me up to the next question and I 
hope I am not being critical of you. As a layman I am trying to pin 
this down as best as I can. It is your considered opinion that even in 
spite of the story that appeared in reference to the contamination of 
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this bread as far as strontium 90 is concerned, you are not alarmed 
about it and it is not as serious as it might look from reading the 


headlines. 


Can you answer that categorically on the record, please / 

Dr. Bruers. I will have to be sure, sir, of your question. 

Representative Horirieip. Let me say to my colleague that we are 
going to take this up witha panel this afternoon. 

Senator Pastore. I realize that. But I have another hearing this 
afternoon. 

Dr. Brurs. If I understand your question, am I as worried as I 
would be—— 

Senator Pastore. In other words, will you — put in proper 

rspective this situation of the contamination of strontium 90 in this 
New York bread ? 

Representative Hoxirretp. Would you like to have the headline 
here? I accidentally tore it so you will know what Senator Pastore 
is talking about. 

Dr. Brurs. Thank you, sir. I saw a brief summary of this. The 
my Ses 07 I get from this is that some levels of strontium were found 
in bread which were higher than certain large population levels which 
had been assumed previously. Possibly I am not the best person to 
speak tothis. There are others like Karl Morgan who might do better 
but I think I can attempt to answer the question. 

Senator Pastore. I wish you would. 

Dr. Brurs. The levels which have been set, as I understand it, are 
on two bases and indeed two figures appear here. One of these figures 
is the figure for the permissible strontium concentration in drinking 
water. If you are eating bread instead of drinking water, and this is 
on the basis of weight, this would mean that to get above the permis- 
sible level you would have to eat as much bread as you drink water adn 
this would mean eating about 3 pounds of bread a day. 

Representative Hoiirievp. For how long? 

Dr. Brurs. And that for an indefinite period. 

Representative Hotirtevp. For a lifetime ? 

Dr. Brues. Yes. 

Representative HoxtrteLp. In other words, the maximum permis- 
sible concentration which is spoken of on the basis of a lifetime ? 

Dr. Brurs. This is right, sir. 

_ Representative Horirretp. And when it is exceeded for 1 day or 
in one slice of bread or one loaf of bread or a hundred loaves of bread 
it still is not a lifetime of bread to give the individual the maximum 
permissible concentration ; is that right or wrong ? 

Dr. Brurs. That is right. At 3 pounds a day. 

Representative Ho.irreip. For 70 years? 

Dr. Brus. Yes. 

_ Representative Hoirievp. For a 70-year period. That is the figure 
involved ? 

Dr. Brurs. Yes. 

Representative Hottrietp. I say it is irresponsible reporting when 
a headline goes on to an article and while it may give the facts in the 
article, when the headline raises alarm among the general population. 
It is irresponsible headlining and irresponsible reporting that plays 
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up a scientific fact which may be accurate but which puts into dispro- 
portion this whole story. 

There has been some criticism of this committee in bringing out the 
facts. We are not restricting anyone. We have tried to get a wide 
variety of governmental and nongovernmental scientists to apres 
before this committee and give the facts. We want to give all the 
facts. We don’t want to whitewash anything. 

I think it is up to the reporters who cover this to cover it accurately 
and not write headlines that scare American mothers from feeding 
bread and milk to their children. I am glad the Senator brought 
this up. 

Senator Pastore. I want to compliment and congratulate and | 
say thank God that we have at the head of this subcommittee a man 
such as Congressman Holifield, of California. I have worked with 
him for years and I know of no one who is more apprehensive of what 
the results of this contamination might be, and I appreciate fully his 
conscientiousness and his industry in searching out the facts. 

I though in view of that story that appeared that we should have a 
clearing of the atmosphere with regard to these hearings as to whether 
this is a really a dangerous situation to frighten people whether or 
not is it a headline exaggeration that does not sani reflect the basic 
facts that are involved in the situation. I am glad it was cleared up. 
It needed to be cleared up. Because only today I heard that a sug- 
gestion was made that we go ahead with another plan on cessation 
of tests only because of this story. 

These things must be placed in proper focus. If they are really 
dangerous the American public ought to be warned about it. But on 
the other hand if they are evaggerations they ought to be so told. 
That is the only reason I brought up the subject this morning, to clear 
the air and I am glad it has been cleared. 

Dr. Brurs. Thank you, Mr. Chairman. I would agree with your 
summary. 

Senator Gore. Of course, this person who might be eating bread 
might also be eating broccoli, might also be drinking milk, might also 
be subject to background radiation. Just as I think it is possible to 
give a disproportionate estimate of this potential hazard by taking 
an obtruse extrapolation of one particular item, it might also give a 
disproportional and unbalanced understanding of the potentiality of 
the hazard by calculating the effect of radiation only on one item of 
food which a person might consume. 

As I understand your earlier answer, aside from the bread incident, 
it seemed to me that you were telling us that we should not worry about 
this because far more people would be injured in automobile wrecks. 
The implication was that, since there were so many other greater 
risks, this should not be the cause of so much worry. 

Is that a fair or an unfair interpretation of what you had said 
earlier ? 

Dr. Brues. I think, sir, this was just an attempt on the part of your 
witness to attempt to define some of the words that are used, like 
“serious”, “danger”, and so on. I think if we are to acknowledge that 
there is the least possibility that some very small proportion of indi- 
viduals might be injured—and I have maintained that although I 
have good reason to doubt that the predictions are true, nevertheless 
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there is no way to rule it out—if we are to acknowledge that there is 
any possibility whatever, then it is necessary to look at the whole 
problem in the context of what people put up with in many other areas 
and, indeed, perhaps most importantly—at least I feel competent to 
speak of this when I speak of the peacetime applications of atomic 
energy—to look at the benefits that are to be derived and to compare 
them with what will usually turn out to be a very small and question- 
able hazard. 

Senator Gore. I was not undertaking to be critical of you as a 
witness or of your testimony. I was only trying to find out if my 
interpretation was reasonably accurate. I think you confirm my 
interpretation. I have heard it estimated that only one out of 500,000 
American citizens might receive—I am not sure whether it was a 
serious overdose or a fatal dose of radiation—that would be, rela- 
tively speaking, a rather small number. But I wouldn’t want to be 
1 of those 500,000. 

Even 1 out of 500,000 is not inconsequential. The essential point 
it seems to me is that this is a manmade hazard. There is little we 
‘an do about the background radiation. I think we can stop the 
contamination, insofar as our country is concerned, of the world’s 
atmosphere. 

So long as even a few people are endangered somatically, if that 
is a good word, so long as even a few children of the future are dam- 
aged genetically, it is a matter of serious concern even though far 
more people may be killed in automobile wrecks. I think the chair- 
man of the subcommittee is to be congratulated upon holding this 
hearing and this effort to put the facts into perspective. 

But I think, Mr. Chairman, we must bear in mind that we are 
dealing with a potential hazard, the extent of which I do not under- 
stand. It seems that there is one thing upon which all scientists 
do agree, and that is that there is some hazard. That there is a 
potential hazard. 

How great, like Senator Pastore, I am unable to determine. But 
to the extent that it is hazardous it is a manmade hazard for which 
this committee and officials of this Government must bear a pro- 
portional share of responsibility. 

Representative Durnam. Further elaborating on the Senator’s 
statement I think we are all deeply concerned as to the manmade 
hazard. But if anybody has a solution of this thing—and the evi- 
dence that has been presented before this committee for the last 2 
days on the North Temperate Zone—indicates that it is not due to 
the American testing of the manmade radiation hazard. 

I think that is pretty evident. It has been profferred in these 
committee hearings. To solve that situation I don’t think any of 
us have the answer. If anybody has a solution to it, I would like 
to have it. We have been at Geneva now since last October to try 
to resolve this question and do something about it and so far we 
have been able to accomplish very little, if anything; that is my 
own opinion. 

The other thing that I would like to comment further on Senator 
Pastore’s statement in regard to what we learn and what we have 
got out of the program that we have consistently supported in Naga- 
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saki and Hiroshima, I have consistently read those reports by the 
medical team who has been serving there for several years. 

I think that was the first laboratory that we really had to come 
up with some of the answers. I think that team of medical experts 
have done a wonderful job. I think the investment has been well 
worthwhile for the future. As the doctor has already said, it is an 
entirely different thing from what we are discussing here. 

The radiation came immediately. If in the future we did have an 
atomic war, I think that the background and experience and scientific 
data will be invaluable to the medical service of this country. 

Senator Pastore. I don’t dispute that. I concur with that 100 
percent. I think that is the best money we ever spent. 

Representative DurHam. I was agreeing with you. 

Senator Pastore. The only reason I brought it up was to see if 
we could tie the two together. The witness brought out the fact that 
we have an entirely different problem. I can understand that. 

Senator Gore. Will the Senator yield? 

Senator Pastore. I yield. 

Senator Gore. To show that this committee has long been aware 
of this problem and that it is as yet unresolved as it was even 2 years 
ago, I would like to read a brief paragraph from the summary analysis 
of hearings before this committee 2 years ago: 

Should a distinction be made between absolute numbers of persons affected 
by fallout and percentages relating these numbers to the total population of 
the world? Can we accept deleterious effects on a relatively small percentage 
of the world’s nopulation when the number of individuals affected might run 
into the hundreds of thousands. This question cannot be answered by con- 
sidering scientific data only. Overall national policy and great moral issues 
are also involved. These questions must be discussed in greater detail. 

It is in furtherance of that policy of the committee 2 years ago 
that these hearings are proceeding to discuss this matter today. 

Senator Pastore. Let me say this, I hardly think you could witness 
such a spectacle in Russia. This is the only country in the world that 
has opened this whole problem to a public farting We are concerned 
about it. We are discussing it openly. There are no such comparable 
hearings in Russia where they are making nuclear tests. 

Naturally there is a certain element of relativity here. Securit 
against a calculated risk and all these problems have to be weighed. 
We would all hope in cur hearts that tomorrow we could stop all this 
nonsense of making bigger and better bombs, of having more tests, if 
we could only rely on some kind of system whereby the Russians would 
stop as well. 

After all it is telling the soldier on the battlefield, “Throw away your 
pistol because it kills,’ even when you know an enemy is coming 
against him with a bazooka. You have to take this thing in proper 
focus. There is this to be said about America and the scientist of 
America and this congressional committee, at least we are putting 
it on the table. 

Weare discussing it openly. And this is the only place in the world 
where it is being done. 

Representative Horirtetp, The Chair would like to say that he 
appreciates the comments of the members of the committee as to the 
objective of these hearings. As far as the Chair is concerned, such 
questions as he has asked have been in the nature of putting the exact 
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thinking of the individual witness clearly before the propia lay- 
man’s language that even a noncollege: graduate like the Chair could 
understand. 

I am not carrying a torch for those people who want a bucket of 
blood spilled on the carpet every aay in order to make headlines, nor 
am I carrying it for those people who say that radiation is good for 
you, that the sunshine units are going to make you healthy. I am 
not carrying a banner for either cause. : 

If I can be instrumental in a small way and this subcommittee can 
be instrumental in a small way of getting the actual beliefs of the 
competent people that have been brought before us—and we have 
people on these witness stands and on these panels that have had 
sharply different positions and this afternoon we will have people 
that have taken public position completely opposite to each other— 
the witnesses have been chosen by a panel of scientists occupying dif- 
ferent views. 

They were not chosen by the chairman of this subcommittee nor by 
the members. We called in a large panel of scientists to sit down and 
work out this outline, both governmental and nongovernmental, hold- 
ing different viewpoints — both the threshold viewpoint and the non- 
threshold viewpoint, the linear viewpoint and the nonlinear view- 
point, and the alarmist viewpoint, let us say and the apathetic view- 
point as to the mention of these figures. 

So what we are trying to do 1s to get the best pesopennns scientific 
testimony on the board. We will try at the end of the hearing to have 
a coldblooded analysis of the testimony giving both viewpoints on 
any subject which is in controversy. Wherever there is a subject in 
agreement between people who have disagreed in the past that will also 
be recorded. 

We will not try to editorialize on the hearings nor to suggest that 
you stop bomb testing or that you continue it. This is going to be 
held as objectively as possible. The Chair cannot control what the 
witnesses say and the interpretation they put on their own numbers. 

This he would not do if he could. He wants each witness to speak 
frankly as to what he believes because this information is important 
to the American people that they get the best information we have. 

Another thing we know is that we cannot be specific in some field 
even now. We can be more specific than we were 2 years ago because 
we have accumulated 2 years of additional information. But there 
will continue to be areas of the unknown and areas that will need re- 
search and further laboratory experiments in order to add to knowl- 
edge in this new and very difficult and complicated field. 

So with that short statement I hope we can proceed now, Dr. Brues; 
will you start with the second paragraph on page 4? 

_ Dr. Brues. I will be quite willing to leave part of this out, sir, in the 
interest of the other witnesses who are to come after me. 

Representative Hoxirretp. I would like you to take that second 
paragraph because I have had some correspondence in regard to Dr. 
Alice Stewart’s work at Oxford University and I would like for you 
to cover that particular paragaraph completely, if you will? 

Dr. Brues. The closest approach to an observation of somatic effect 
at doses of radiation in the range of fallout or natural intensities is 
that of Dr. Alice Stewart of Oxford University. She made a study 
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of all cases of childhood cancer and leukemia in England and Wales 
over a 3-year period, thus studying a population of about 3 million at 
risk. These children, with cancer or leukemia, turned out to be more 
likely to have been X-rayed before birth, for purposes of measuring 
the size of the pelvis, than other children, and suggest that there isa 
susceptible stage in embryo life when the small diagnostic dose (2 to 
4 roentgens) of X-day about doubles the chances (rather small, it is 
true) of developing these diseases in childhood. 

Representative Hiazeiens: May I stop you right there. You said 
2 to 4 roentgens of exposure to the fetus, is that correct ? 

Dr. Bruges. This is the best assumed value for the radiographic 
pelvimetry and we believe these were. 

Representative Houirietp. This was a concentrated spot exposure 
rather than a full body exposure? 

Dr. Bruges. Yes. This was given locally over the area of the pelvis 
and most of the embryo child and was given at one time. I think this 
is an important point. 

Representative Hotirtetp. I think we should at this time, for pur- 
poses merely of comparison because we are interested in the fallout 
and the natural background radiation, call to the attention of the ree- 
ord that it has been testified and agreed upon I think by almost every 
scientist that the total natural background radiation over a 70-year 
lifetime is estimated to be 7 roentgens. It has also been testified and 
apparently agreed upon, that seven-tenths of a roentgen, if I am right, 
has been the amount of background radiation which has been raised 
by manmade atomic tests. 

Isthat right? Isit one-tenth or one-seventh? 

Dr. Bruges. I am sorry, sir. I can’t give you that figure. That must 
have come from another witness. 

Dr. Dunnam. I think the seminar group will have a statement this 
afternoon. It is below one-tenth of a roentgen. 

Representative Hoxtrtetp. It is below one-tenth of a roentgen. A 
tenth of 7 roentgens would be 0.7 roentgen, which has occurred 
by the increase in background of bomb test radiation. I think I am 
stating it fairly clearly, and that refers to whole body radiation rather 
than to spot radiation. So it is less effective than if it had been con- 
centrated on the fetus. 

Senator Pastore. If the Congressman will yield on that point, there 


is another practical phase to this that is quite important. It would | 
strike me from the recitation of this paragraph that if this research | 
has accomplished one thing it has accomplished the fact that there 


should be a lot more care in the employment of X-rays in relation to 
the human body. 


At least it has brought out the fact that in many, many instances | 


there was such a lack of knowledge and such an excessive use of these 
X-ray machines that more harm is being done through that source 
than might possibly be done by way of fallout. At least it has been 


an assist, let me say to the medical profession, that there has to be a | 


great deal more care and caution in the use of X-ray machines. 

The point brought out here is that these concentrated X-rays that 
have been employed on women in pregnancy have been more injurious 
than in other instances of fallout. 
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Representative Hottrtetp. I want to correct, if there is an incorrect 
impression, that when I said that the X-ray was a spot or a concen- 
trated dose on the fetus, I want it understood that I understand that 
the full pares of that X-ray is whole body as far as the fetus is con- 
cerned, but it is not whole ek as far as the mother is concerned. 

So it is more concentrated because it is in a smaller area and because 
the fetus is much smaller in size than the mother. These factors have 
to be taken into consideration. It is very difficult in this complicated 
field to say something that is not misunderstood. I recognize that. 

Now, will you proceed, please ? 

Dr. Brvues. The other point about this is that the radiographic 
pelvimetry is given at one sitting and there is considerable evidence 
that to produce leukemia it is more efficient in animals to give a dose 
at one time whereas if it is spread out over several months, as Dr. 
Upton informs me, he sees no leukemia at all in these mice that get 
a large amount of leukemia from a single dose. 

Representative Hoxirrevp. I don’t believe you read the last sentence 
in the previous paragraph. 

Dr. Bruges. While this seems to be a real effect of the dose between 
two and five roentgens, we must remember that proper obstetrical diag- 
nosis, including the use of X-rays where needed, can be a lifesavin 
procedure and it must not be condemned without careful weighing o 
the risks. 

It is a safe guess that it probably saves a larger number of cases in 
labor than it might cost. 

Representative Hoxirretp. These are the things that have to be 
taken into consideration in the using of X-ray. If it is used without 
diagnostic reasons, it does indicate as far as these studies are con- 
cerned at least, and whether 3 million is enough to get statistical data 
I do not know, a flag of warning in the use of X-rays, particularly in 
pregnancy cases. 

Dr. Brus. I think this has resulted in the very interesting facts 
that now people are looking at the relative risks of these things as per- 
haps they used to look at the relative risks of surgery. This is a very 
sound thing indeed. There is no question that a routine chest plate 
in adult males will save more lives a unsuspected lung cancer than 
it is going to hurt under the worst assumptions we can make. 

Representative Price. You just directed your remarks to the ques- 
tion I was going to ask. Since the results of Dr. Stewart’s studies 
and the studies of Tulane University, has there been a lessening of the 
use of X-ray in pregnancy ? 

Dr. Brugs. On this subject I can’t speak; I do know that the manu- 
facturers of films have made their films considerably more sensitive 
lately, which has the same effect of giving a smaller dose of-radiation 
from an X-ray picture. Iam quite sure there has been an effect, but I 
cannot document it. 

Representative HotirteLp. I can say from personal experience hav- 
ing oa daughters in my family, all of them child bearing, that I 
found out on checking that several X-rays were taken of the mothers 
during the period of pregnancy, and in my opinion the doctor that did 
it, did it without proper justification. 

I think it is going on all over the United States. I believe that the 
doctors themselves need a little information on cases like this study 
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of Dr. Stewart to cause them to be a little bit more cautious. It is 
easy when you have a nice machine and you can charge $20 to press 
a button 

I think there is probably a little of that going on in the United 
States. 

Senator Pastore. I think this, Mr. Chairman, has alerted both the 
profession and the laity as to the dangers involved and I think much 
more care is being exercised today. 

Dr. Brurs. The American College of Radiologists has made a 
considerable effort to get information printed and in the hands of 
its members giving a summary of the sort of things which have been 
brought out here. 

Representative Duru AM. Since we are relating personal experience, 
I am a kind of guinea pig myself because I had a lobotomy 10 or 12 
years ago and I consistently have had X-rays. It made me more 
conscious of the fact of what might happen. Over the past 10 or 12 
years I don’t know how many roentgens I have taken but I still rely 
on that and the medical diagnosis. In the last few days I have had 
the same thing done again. You have to weigh the matter in two 
ways. You take a chance when you go out in your automobile for a 
ride. We have to weigh the balance and see what. the benefits are. 
Without the X-rays it would be very difficult to diagnose cancer of 
the lung, in my opinion. I don’t know how you can arrive at it in 
any other way. There are some benefits as well as danger. 

Representative Hotirretp. You may proceed. 

Dr. Brvurs. I wanted to mention that life shortening of American 
radiologists which was spoken of at the last meeting has now had 
a little doubt cast upon it by further statistical examination of the 
information, and by the fact that the British radiologists who have 
records going back, I think, to 1898 appear not to have their lives 
shortened in the course of their practice. This is a question, still, but 
any life shortening that has occurred as the result of the 1,000 or so 
roentgens that these men have received in the course of their business 
is a good deal less than had been suspected before. 

I wanted to say that I think that the threshold concept has been 
used a little bit loosely. It has been believed, I think, by most people 
that either there is a complete threshold or else that there is a straight 
line which I indicated on the blackboard here. It is my own personal 
feeling from what I know, and this is shared. I think, by most persons 
who have investigated experimentally the induction of cancer by many 
means, that there might be something in between. 

Cancer production is a very complicated thing. It has several 
stages init. Cancer is sometimes produced, and leukemia. by quite in- 
direct methods that do not involve the direct hit on the cell which has 
been the basis of the straight line or proportional hypothesis. If it is 
just a little more complicated, if cancer requires two mutations, for 
instance, then the situation which the pessimistic guess would call for 
in hundreds of thousands of cases of levkemia with a certain amount of 
radiation would probably yield a hundred cases or so and if it is more 
complicated than that or requires a profound disturbance of tissue and 
there is some experimental work to bear on that, then there might 
indeed be something which looks like a threshold. I think that the 
idea that one must either have a threshold or else a proportional re- 
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action is one which I would not subscribe to. There are so many 
other possibilities. 

I wrote a paper for Science last year summarizing a good deal of 
this information which I will submit into the record and there is a 
brief summary in semilayman language in the testimony which I am 
going to hand in. 

I don’t want to leave the impression that we have enough facts to 
consider the whole matter closed. Two years ago I hardly thought it 
necessary to say much about this subject. because of lack of informa- 
tion. However, because of the great credence which seems to be given 
the proportional theory at the present time, almost exclusively by 
scientists who are less familiar with the recent great growth in our 
knowledge of cancer, I feel it is necessary to put a question back be- 
side it. But I think we must take a careful and conservative attitude 
toward the fallout problem until the facts are more clearly outlined, 
especially regarding exposures of large populations. Where general 
contamination is envisioned there are many reasons to accept a level 
considerably lower than the industrial permissible level. To be on the 
safe side we should take into account perhaps the natural radiation 
which we all receive, recognizing that. we have existed in this for ages 
past and also that it varies widely from one location to another. 

For instance, the yearly natural radiation on the east coast is about 
one-tenth r per year and of the larger cities of Colorado it is about 
twice this, yet actually New York reports a higher rate of leukemia 
than Colorado. Persons in some areas of Illinois store about 10 times 
as much radium in their bones as those in Chicago, but so far we have 
been unable to detect any differences in the bone cancer rates. This 
ought to make it clear that even if small changes might occur in the 
region of the natural background there will be no catastrophe if it is 
very much exceeded, 

I think as a result of some of the things which have been said in 
public lately a good many people are afraid that the levels set up as 
permissible cannot be exceeded without great personal danger. I 
mentioned that before. The radiation from fallout hazard increased 
a great deal in the past few months. This is not the subject of today’s 
discussion but I have put in my testimony a little summary of some 
measurements of radiation levels on the ground in soil samples in 
which we have separated out the various isotopes, and they show the 
fact that there has been a great increase since last fall which pre- 
sumably can be attributed largely to the Russian test in October. 

Representative Horirretp. Before we leave the former testimony, I 
have a communication here which says, in regard to the problem of 
ascertaining the effects of low-level sustained radiation, that this is 
essentially the problem of fallout. I thought I might mention two 
instances which bear very heavily on this problem. 

The first is the new finding by Dr. John T. Gentry of the New 
York State health department regional health director at Syracuse 
that the rate of malformed births is 50 percent higher than the aver- 
age in parts of New York where natural radioactivity is high. 

It seems to me you might like to hear in detail the results of this 
study. It shows that where the uranium content of the soil is twice as 
high as the average, the number of malformed births raises to 20 per 
thousand instead of the statewide average of 13.2. 
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I do not know Dr. Gentry nor do I know the scope of his study, or 
the status of his capability, but I bring those figures to you for such 
comment as you may think is necessary. 

Dr. Brurs. I had the opportunity of seeing this a few days after 
I had w ‘itten this testimony. I had seen it earlier in tentative form. 
It seems that malformations are increasing in certain areas of New 
York. I think the author emphasized that his study is not entirely 
complete, being based so far on a survey of general geological types 
as well as a survey county by county of the important malforma- 
tions. The emphasis there is that this study will be continued to 
make it a little more definite. My chief doubt about that is the fact 
that the rate of increase which they report seems to me to be more 
than could be expected from the increase in background, although 
the backgrounds have not yet been actually measured, especially if 
we recognize that there are a good many other things, for example, 
German measles during pregnancy, which are commonly accepted 
as causes of malformations of this sort. 

I think it is an extremely important study and I think we must 
keep careful watch of it in order to evaluate it. 

Also I suspect this may fall in the realm of genetic considerations 
rather than somatic, although even that is not completely certain. 

I think much of the heat that has been generated in debate over 
the possible effects of fallout from bomb tests has been motivated 
by attempts to balance these against the risks of modern nuclear 
warfare which we all realize are vastly greater. Perhaps this testi- 
mony on somatic effects may seem to be rather optimistic. This is 
only in the context of what I think is an extreme pessimism with 
which the subject has been widely treated. I believe we must admit 
that in our present state of knowledge there is a possibility that real 
somatic damage may be done to certain rare individuals as a result 
of radiation from fallout levels. It seems to me the source of radia- 
tion must be considered in the light of its necessity or usefulness 
just as we must give thought to the other risks in life but we may 
safely try to calculate these risks on the basis of the worst that could 
happen while admitting quite likely as regards somatic damage the 
risk is less and much less than this. This is my opinion. That we 
are resonably secure can be illustrated if I go back to a calcula- 
tion which I made at the previous hearing concerning the apparent 
hazard of cigarette smoking. I am not sure that cigarette smoking 
is responsible for lung cancer. It is conceivable that it may be due 
to pollution of the air from other agents. So this is simply a hypo- 
thetical case. 

In several countries of Europe it has been noted that the number 
of cigarettes consumed is in direct proportion to the incidence of 
lung cancer. If we assume that both this and the production of 
leukemia by radiation follow a straight line it would appear that 
the present fallout levels are about as likely to produce leukemia 
in an individual as two cigarettes a year are to produce a lung cancer, 
or if we say it is the pollution of the city air, a few hours spent in 
the city air by a country fellow would to this extent produce lung 
cancer. 

I point this out to put in some sort of proportion the sort of figures 
we have been talking about. Some very serious questions have been 
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raised. They will need to be considered carefully. Most of us agree 
that it would be fruitless to treat animals at fallout levels of radiation 
because of the enormous numbers uired. Perhaps some direct 


information could be obtained from large populations of human 


beings. Efforts of this sort are being carried out and should be 
looked into elsewhere. 

It is pretty clear that we are not even certain of the ground rules 
of the cancer-formation process. If it were as simple and straight- 
forward as the proponents of the proportional theory have held, 
this ought to have been discovered long ago. Since it appears to be 
more complicated, it is necessary to make every effort to determine 
the true relation between dose and tumor expectancy on a variety 
of species, at levels which give measurable increases. I might say 
this could very well be done by some of the other cancer producing 
agents than radiation because, believe it or not, we know more about 
the shape of the curve with relation to radiation cancer than we do 
for all of these chemicals which have been studied for a very long 
time. 

I could document that if necessary. Such work would require hun- 
dreds of thousands of animals probably and its importance justifies 
it to the extent that some of this work has been started at the present 
time. We ought also to look at some fission isotopes which have 
been neglected in previous studies because certain of them were 
thought of as the most fashionable to work on. This too is on the 
drawing boards. 

Finally, I think it is important that scientific experts who are speak- 
ing on the cancer producing potency of natural fallout might become 
familiar with some of the large amount of careful work that has been 
carried out on experimental cancer in its basic aspects so that those 
of us who worry about these problems can speak the same language. 

I am a little afraid sometimes that cancer research has been pushed 
into a corner and has not become as much a part of the scientific 
culture of the scientist as it might be. 

Thank you. 

Representative Horirtetp. Your statement will appear in the record 
at this point. 

(Dr. Brues’ formal statement together with papers submitted by 
him, follow :) 


STATEMENT OF Dr. AUSTIN M. Bruges, Director, BIOLOGICAL AND MEDICAL RE- 
SEARCH DIVISION, ARGONNE NATIONAL LABORATORY * 


I have been asked to make a statement that brings into focus the progress in 
understanding somatic effects of radiation since the hearings 2 years ago. At 
that time, as you will remember, we had a great deal of detailed knowledge of 
the effects of large doses of radiation on man and on the higher animals whose 
responses are similar to those of man. It was brought out in those hearings 
that a shortening of life occurs as a result of doses of radiation that are not 
quite high enough to kill an animal in an acute mode of death; also, that various 
forms of cancer, and particularly leukemia, are brought about by such doses of 
radiation. The fact that human beings exposed to fairly large doses of radiation 
(say 100 r) have an increased chance of developing leukemia is beyond question. 
Similar evidence makes it clear that radium in the human skeleton has been 
responsible for cancer of the bone. 


1 See professional biography attached. 
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First, there has been real progress in the treatment of acute radiation sick- 
ness—that fatal condition that claimed so many thousands of lives in Hiro- 
shima and Nagasaki, and which has been observed in some of those rare individ- 
uals injured in mishaps associated with the handling of nuclear materials and 
reactors. It has now been found, as the result of treatment of the victims of 
the Yugoslav reactor accident, that human bone marrow can be inoculated from 
a normal person into one in a critical phase of radiation injury; that it will grow 
in the injured person and take over the normal function of supplying the urg- 
ently needed blood cell elements; and that dangerous complications of the use of 
this foreign tissue can be avoided. We are not all agreed as to whether any of 
these lives were saved by the treatment, because we can never know whether 
they would have survived without the treatment. But we can all agree that the 
French physicians who administered the bone marrow transplants, produced 
a true and striking improvement in the conditions of these critically injured 
individuals. 

It is interesting to recall the scientific background of this form of treatment. 
More than 12 years ago we were studying the effects of radiostrontium and 
comparing them with X-rays, and were impressed with the role of the blood- 
forming organs in recovery from radiation sickness. Jacobson then undertook 
experiments that showed the effects of shielding certain parts of the body. 
Lorenz at the National Cancer Institute then got into the work and first showed 
the life-saving efficacy of bone marrow. Many problems remained in making 
this a safe and useful procedure and these have been worked out at Argonne, 
Oak Ridge, and elsewhere. Now, not only is the procedure useful in accidental 
radiation injury but it looks hopeful as a means of giving large enough doses of 
radiation to cure leukemia and still save the patient from fatal radiation effects. 

Please remember that when this discovery was first made, it grew out of one 
of the first fallout studies. Work of this sort was not too popular then: there 
was not much interest in it, and in fact Lorenz was substantially supported by 
the Atomic Energy Commission through contractual arrangements with the 
Argonne Laboratory. You might also note that as with most useful discoveries, 
the original breakthrough was made by a scientist looking for something quite 
different (specifically, we were observing the spleens of animals acutely poisoned 
with strontium 89). 

While we are mainly interested here in the effects of very low radiation doses 
from fallout, I have emphasized also progress in the treatment of the acute 
disease from doses a hundred and more times as high, for this is an enormously 
more important problem if there were any possibility of a thermonuclear war. 

At the time of the first hearings on this subject, I believe you were left with 
the impression that no matter how low a dose of radiation is given, it is likely 
that a proportionally low number of leukemias and cancers and a proportionally 
small shortening of the average life span, will occur. I have to report that 
there is still no proof or disproof of this proposition and in fact that we cannot 
see where it might be coming from. This is because of the extremely small pro- 
portions of a population that would be involved at fallout levels even under 
the most extreme guesses. Proponents of both sides of this argument are agreed 
that it would take millions and more likely billions of mice to settle the point 
directly. It is possible that there might be two large enough human populations 
identical with respect to everything but radiation exposure to settle the point: 
we are Seriously looking into this, but it seems doubtful that we could count on 
a secure answer at these levels owing to the variability of vital statistics as they 
are collected. 

The more fruitful advances in understanding this question have come from 
a study of the proportionality or nonproportionality of the reactions to radiation 
at the higher doses where we do have valid information, and by studies as to the 
basic nature of the processes in the body and its cells, which produce leukemia 
and cancer. 

When we look for proportionality carefully, we generally od not see it. R. H. 
Mole summarized a large number of such instances in the British Medical 
Bulletin last year, and I am supplying a copy of his paper for the record. 
A. ©. Upton, speaking before the American Association for Cancer Research last 
month, demonstrated a number of instances in which cancer or leukemia is 
produced by radiation, in none of which the relation is proportional, and in 
which the shape of the relation differs very greatly from one case to another. 
Our own work with the production of bone tumors by strontium 89 and 90 has 
always shown a marked dropping off of the number of tumors per dosage as the 
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dosage is lowered, when we look at the animals at any time after the strontium 
is given. 

While a disproportion is quite generally the rule with lower doses being rela- 
tively less effective than higher ones, this is not always the case. Bond and 
others at Brookhaven found that for a particularly tumor-susceptible rat, there 
seemed to be a direct proportionality between numbers of tumors and dose of 
X-ray between 25 and 400 r. Their experiment covered only the first year of 
life, and there is reason to believe that the radiation was in this case hastening 
a process of tumor formation that occurs naturally in these animals. 

The closest approach to an observation of somatic effect at doses of radiation 
in the range of fallout or natural intensities is that of Dr. Alice Stewart of 
Oxford University. She made a study of all cases of childhood cancer and 
leukemia in England and Wales over a 3-year period, thus studying a population 
of about 3 million at risk. These children, with cancer or leukemia, turned out 
to be more likely to have been X-rayed before birth, for purposes of measuring 
the size of the pelvis, than other children, and suggest that there is a susceptible 
stage in embryo life when the small diagnostic dose (2 to 4 roentgens) of X-ray 
about doubles the chances (rather small, it is true) of developing these diseases 
in childhood. Another study in Louisiana, at Tulane University, has shown 
about the same results; some others are underway now but are incomplete and 
are not all yet in agreement. While this seems to be a real effect of a dose 
between 2 and 5 roentgens, we must remember that proper obstetrical diagnosis, 
including the use of X-rays where needed, can be a lifesaving procedure and 
that it must not be condemned without careful weighing of the risks. 

It has been thought that these figures may apply to fallout radiation. I would 
very much doubt that it does, since the dose in diagnostic pelvimetry is given all 
at once, while that from fallout or the environment comes gradually over the 
whole life of the embryo. Upton informs me that a single exposure of mice to 
gamma rays produces a high incidence of leukemia, while spreading the same 
dose out over several months results in no perceptible increase in leukemia or 
decrease in life duration. 

Shortening of the life of American radiologists as a result of their average 
occupational exposure to 1,000 or 2,000 r, was thought to be the case at the time 
of the previous hearings. New statistical studies, taking into account the ages 
at which men become designated as specialists, has thrown great doubt on this 
life shortening, and a British study of their own radiologists has shown that they 
are actually a little better off than other medical men. 

One thing that has confused the issue is the use of the “threshold” concept 
rather loosely. Many people seem to think either that there is a threshold, and 
below it nothing ever happens, or else that there is a straight-line proportion 
between dose and number of tumors, or shortening of life. I don’t think either 
of these alternatives has to be true. I think, actually, it is quite likely that there 
may not be an absolute threshold, but that the line may be a curved one which 
results—where the dosage is low—is something that we cannot distinguish from 
one. 

Let me try to express this with an example. I will assume that the number of 
cases of leukemia or cancer increases, not as the radiation dose directly, but as 
the square of the dose. This would mean that before cancer is produced, two 
things have to happen to a cell, not just one. Most professional cancer investi- 
gations would believe that still more things must happen independently. How- 
ever, looking over a large number of results of animal experiments, it seems most 
likely—though not proven—that the information fits this sort of curve better than 
the straight line which has been the basis of all the various numbers you are 
offered as the “expected numbers of leukemias” from fallout. This curve would 
predict that where it has been assumed that the natural or fallout levels might 
be responsible, say, for 10,000 cases, actually they might be responsible for less 
than 100. At best, we might at least consider that both views are possible. I am 
inclined to expect a much smaller number, since the great majority of our data 
show that the tumor susceptibility is not proportional to dose at those high levels 
where we can measure it, and also because of a great deal that we know, 
generally, about the production of cancer. I am submitting a paper which I 
wrote for Science last year, which summarizes a large amount of detailed know'- 
edge about the origin of cancer which has been generally ignored by those who 
feel that they are able to predict numbers of leukemias and cancers which, 
although not capable of direct verification, might be produced by small amounts 
of radiation. 
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The theory that malignant disease is proportional to amount of radiation is 
based on the idea that cancer is due to a single mutation in a body cell, which 
gives rise to a growing colony of cancer cells. This theory was in vogue a good 
many years ago and has been carefully considered by cancer investigators. As 
in the case of many things which scientists take for granted for some length of 
time, eventually exceptions are discovered which lead to new theories and new 
discoveries. In the past 2 years basic cancer research has uncovered a number 
of new observations that do not fit with the mutation theory—at least in its 
simplest form, the one that predicts proportional responses to radiation. Several 
forms of cancer may now be attributed to viruses that get into the animal in 
embryonic or very early life. Upsetting of the immune “identifiers” of tissue 
cells is another view that a good deal of support. Some brilliant work of the 
past few years by B. S. Oppenheimer, has shown that the simple implantation 
of a plastic film—which is not a cancer-producing substance—produces many 
cancers because it interferes with the whole architecture and fluid flow in a 
tissue much in the way that a large dose of radiation (but not a small one) 
does. At the meeting of the Ciba Foundation on Carcinogenesis last summer, 
recently published in book form, which was attended by about 30 of the foremost 
cancer investigators in this field, one finds very little sympathy and much specific 
disagreement with the older, simple view of cancer. 

I do not wish to leave the impression that we know enough facts to consider 
the matter closed. Two years ago I hardly thought it necessary to say much 
about this subject because of the lack of information on it. However, because of 
the great credence which seems to be given to the proportional theory at the 
present time, almost exclusively by scientists quite unfamiliar with the recent 
great growth in our knowledge of cancer, I feel it is necessary to put a large 
question mark beside it. 

Nevertheless, I feel that we must take a careful and conservative attitude 
toward the problem of fallout until the facts are more clearly outlined. This 
applies especially to the exposure of large populations to low radiation levels. 
Let me therefore draw a distinction between industrial “permissible” exposures 
and those that might be applied to large populations. Industrial levels are based 
on ascertaining a level which appears not to have produced visible harm, and 
then adding in a large factor of safety—a factor of 10 usually. This has been 
the practice in industrial toxicology for many years. As to isotopes, our best 
information comes from radium exposures in human beings. At the present time, 
in New Jersey, New England, and Illinois, hundreds of exposed persons are being 
followed up without discovering, so far, any injuries at levels below those 
previously assumed. Exhaustive animal experiments have been carried out to 
estimate comparable levels of other isotopes, 

Where general contamination is envisioned there are many reasons to accept 
a much lower level. My own personal view is that to be on the safest side we 
should take into account the natural radiation that we all receive—recognizing 
not only that we have existed in this for ages past, but also that it varies widely 
from one locality to another. For instance, the yearly natural radiation on the 
east coast is about one-tenth r per year and in the larger cities of Colorado is 
about twice this—yet actually New York reports a higher rate of leukemias than 
Colorado. Persons in some areas of Illinois store about 10 times as much radium 
in their bones as do those in Chicago, yet we have so far been unable to detect 
any difference in the bone cancer rates, This should serve to make it clear that 
even if small changes might occur in the region of the natural background, no 
catastrophe will occur till it is very much exceeded. I think as a result of 
things that have been said lately many people are afraid that the levels being 
set up as permissible cannot be exceeded without great personal danger. 

This is an important fact to keep in mind, since the radiation from fallout has 
increased a great deal in the past few months. To illustrate this, I am append- 
ing to this statement one by Gustafson and Marinelli, of the Argonne Laboratory, 
based on measurements of the separate gamma ray activities in soil of northern 
Illinois. This indicates that last month the gamma ray dose rate from the ground 
was about three-fourths as great as that from natural sources in the ground, plus 
cosmic rays. The great increase since last fall, according to the testimony of 
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others, apparently is mainly due to the Soviet tests last October. Of course, most 
of the activity now is due to the short-lived fission zirconium, so that the total 
dose over the rest of the year will amount to very much less, and after a few 
months, when this isotope has decayed, we might expect to have only a fifth or 
atenth as much as at present. 

Other factors also tend to reduce the dose, namely those of weathering and 
shielding. The first of these means that in the course of time the radiating 
material is lost by weathering or buried by cultivation. The second means that 
for a large part of the time the average person is shielded from the radiation 
from fallout because he is in or near buildings. These factors do not affect the 
natural background appreciably as the natural radioelements occur throughout 
the depth of soil and are also incorporated in building materials. The United 
Nations Committee has taken an average “weathering and shielding” factor of 
ten. Accordingly, the dose to an average person would be still lower by such 
a factor as this. 

Of course, I think much of the heat that has been generated in debate over 
the possible effects of fallout from bomb tests has been motivated by attempts to 
balance these against the risks of modern nuclear warfare, which we all realize 
are Vastly greater. 

On the face of it this testimony as to somatic effects may seem to be in a 
rather optimistic mood, but this is only in the context of what I think is an 
extreme pessimism with which the subject has been widely treated. I believe we 
must admit that in our present state of knowledge there is a possibility that real 
somatic damage may be done to certain rare individuals as a result of the radia- 
tion from fallout levels. It therefore seems to me that sources of radiation 
must be considered in the light of their necessity or usefulness just as we must 
give thought to all of the other risks in life; and that we may safely try to 
calculate these risks on the basis of the worst that could happen, while admit- 
ting that quite likely—as regards somatic damage—the risk is less, and probably 
very much less, than this. 

That we are on a reasonably secure basis can be illustrated if I rephrase the 
calculation I made at the earlier hearing, concerning the apparent hazard of 
cigarette smoking. In several countries of Europe it has been noted that the 
number of cigarettes consumed is in direct proportion to the incidence of lung 
cancer. If the radiation hazard at low levels is proportional to that at high 
levels, the same is possibly true of the cigarette. Taking into account the pres- 
ent fallout levels it would follow that they are about as likely to produce leuke- 
mia in an individual as two cigarettes a year to produce a lung cancer, using 
the worst guesses in each case. 

Nevertheless, some very serious questions have been raised and will need to 
be considered carefully. Most of us agree that it would be fruitless to treat 
animals at fallout levels of radiation because of the enormous numbers necessary 
to produce a perceptible excess of tumors. It is possible that if large populations 
of human beings receiving various amounts of radiation could be followed, some 
direct information could be obtained, in any case, efforts along this line are 
being made in many places and should be encouraged elsewhere. 

It is fairly clear that we are not even certain of the ground rules of the cancer 
formation process. If it were as simple and straightforward as the proponents of 
the proportional theory hold, this should have been discovered long ago; since it 
appears to be more complicated, it is necessary that every effort be made to deter- 
mine the true relation between dose and tumor expectancy, on a variety of spe- 
cies, at levels which give measurable increases. This will require hundreds of 
thousands of animals at the very least, and its importance justifies it to the 
extent that it has already been started underway. A new look at some fission 
isotopes neglected in previous studies should also be taken, and this is on the 
drawing boards at present. Finally, I think it is desirable that those scientists 
who speak with assumed authority on the cancer-producing potency of the fall- 
out should become familiar with more of the vast amount of careful work that 
has been carried out on experimental cancer, so that at least all of us who worry 
about these problems can speak the same language. 
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APPENDIX TO THE STATEMENT OF Dr. AvusTIN M. BRUES 


FaLLout RADIOACTIVITY AND THE Dose ARISING THEREFROM AT ARGONNE 
NATIONAL LABORATORY, LEMONT, ILL. 


(P. F. Gustafson and L. D. Marinelli) 


Measurements of gamma-ray emitting fission products have been made period- 
ically on soil collected at the Argonne National Laboratory site since May 1957,’ 
Table I shows the activity in mc/mi’ for Zr*, Nb *, Cs’, Ru’, Ru’, Ce™, and 
Ce. These data indicate the continuing accumulation of Cs’, doubling in 
activity per square mile from October 1957 to September 1958, and doubling 
again from September 1958 to April 1959. Because of its long half life (26.6 
years), Cs™ in soils is a reliable indicator of the total fallout accumulated at any 
given locality. It is also to be expected that Sr” will accumulate in a similar 
fashion (i.e. when Cs doubles, so will the amount of Sr” activity), though 
the activities will not be equal. Investigations of Cs™ at Argonne using soil 
samples analyzed for Sr” at HASL indicate an average total Cs™/total Sr® 
activity ratio of 1.60.3 for various types of soil (3). Accordingly, one would 
expect the Sr” activity to be roughly 0.6 that of Cs’’. The wide variations in 
the activity of the shorter-lived fission products, Ru’ and Ce™', reflect qualita- 
tively detonations of nuclear weapons preceding sampling by relatively short 
intervals of time. Besides fission products, activated elements such as Mn™ and 
Zn® were present in minor amounts; W™ became apparent in the September 1958 
soil sample, and measures 45 me/mi’ in April 1959. Air filters collected on the 
site set the appearance of W™ in Chicago as being in the latter half of July 1958. 

The dose arising from the activities presented in table I, obtained using the 
method of Dunning for radioactivity on an infinite plane (4), are given in table 
II. To place the external dose rate from fallout in the proper perspective it 
should be compared with that arising from natural radioactivity and cosmic 
radiation which amounts to about 11.1 wrad/hour at this site (table II). 

It is worthy of note that the fallout dose rate in April 1959 was 8.41 wrad/hour, 
a full 75 percent of that from natural sources and that the average dose rate for 
the interval May 1957 to September 1958 was 1.95 ywrad/hour or 20 percent of 
natural external background. This relatively sudden fourfold increase in dose 
rate seems to be due primarily to the Russian tests of September—October 1958. 

The values are expressed in terms of microrad per hour and net millirads per 
year to emphasize that the dose over a long period will not be at all close to the 
dose from natural background. Calculating the 30-year gonadal dose from the 
cesium 137 now on the ground, including the United Nations Committee’s factor 
of 10 for shielding and a factor of 0.71 for the decay of the isotope, gives a figure 
of 8 millirads as against 3,000 from natural sources. Nevertheless, the rapid 
increase in recent values must be noted seriously. 
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1The measuring Neeson employed is that of gamma-ray spectrometry of soil samples 
of finite size (1-2 kg) using large Nal crystals (1). Background reduction, essential for 
the detection of the quantities of activity involved (approximately 10-” curie Cs'*'/kg of 
soil) was effected through the use of thick steel shielding (2). Soil sampling was done 
over a known area to a depth of 6 inches. Quantitation of fission and natural radio- 
activity was accomplished through the use of sources of known activity incorporated in 
mock soil (NasPO,); the activity pertaining to each radionuclide was then found by the 
solution of the appropriate number of simultaneous equations. 
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TABLE I.—Fission product radioactivity on the ground at Argonne National 
Laboratory in mc/mi* 


1957 1958 


July ! April | July — 
tember 





Zr8-Nb% 2. _ : Sane S 200 95 315 1, 020 
Cs137__ 


: 45 82 170 
BI. cg Bitweadl ath oan cdnwe 170 210 830 
Ru!%____ eee ee oe ee 240 130 80 230 
Cel#!_ ingens Aapatnne gene 140 60 50 135 
Cel ; cased : ania 275 250 270 1, 520 


Total 3 ; = on 1 006 | 1,184 | 1,332} 1,055 665 | 1,322 4, 925 





1 Soil collected from site 40 miles from Argonne in July 1957 gave essentially same results as the Argonne 


samples, indicating that possible local contamination due to the reactors at Argonne is of secondary impor- 
tance in this study. 


? Assuming Zr%-Nb*® are in equilibrium. 
3 Totals include activity due to both Zr and Nb*%, i.e., May 1957, 360 mc/mi? from both these isotopes. 


TABLE II.—Dose from fission product activity on the ground at Argonne National 
Laboratory in prad/hour 


1957 1958 


Isotope 


| 
May | July |October| April | July 


Zr8—-Nb®% 
C137 
Rul 


| 1. 

Ru! ad es a : | : 

Cell 3 ; - 
' 


Cel 








Jeternal background radiation at Argonne National Laboratory * 


prad/hour 
Thorium 


Uranium 


1 Dose from thorium, uranium and K® calculated from y-ray determinations of the 
concentrations of these radioelements in Argonne soil. 








Critique of the Linear 


Theory of Carcinogenesis 


Present data on human leukemogenesis by radiation 
indicate that a nonlinear relation is more probable. 


A question which has interested in- 
vestigators of cancer for many years is 
whether various carcinogenic agents are 
active even in very small amounts, or 
whether there are amounts or concentra- 
tions of such an agent below which no 
effect is produced, or below which the 
effectiveness drops off out of proportion 
to the reduction of dosage. The existence 
of a threshold, or at least of a marked 
nonlinearity of effect at low dosages, is 
rather taken for granted in most areas of 
toxicology, where the degree of general 
physiological impairment seems to deter- 
mine whether or not an end point such as 
death or a persistent pathologic change 
is produced, and where it is reasonable 
to assume that essentially complete re- 
pair can occur if the insult is removed 
or if its intensity is low. 

It has been thought that a different 
situation might exist where cancer is the 
end point. The main reason for this lies 
in the special nature of malignant dis- 
ease, which in its natural course leads 
inevitably to death, yet which ordinarily 
arises in a small anatomical focus, per- 
haps in a single cell. On this basis, then, 
it may be conceived that cancer could 
arise through a single randomly deter- 
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Austin M. Brues 


mined alteration in a cell of the host, 
which conferred on it the capacity to 
reproduce itself indefinitely. By analogy 
to the point mutation in genetics, we can 
see that a theory postulating a linear re- 
lation between the amount of a carcino- 
genic agent and the probability of a ma- 
lignant response is allowable even where 
the respective amounts and probabilities 
are vanishingly low. The purpose of this 
article (/) is to examine whether such 
a relation has been verified (as some 
seem to assume) or indeed whether it 
seems reasonable in the light of present 
information. 

While a generalized hypothesis of line- 
arity of the carcinogenic response can 
apply equally to many types of malig- 
nant disease and to many agents, per- 
haps the strongest argument in favor of 
this hypothesis has been presented by 
Lewis (2) on the basis of several pub- 
lished studies of leukemia induction in 
man by ionizing radiation. The ensuing 
discussion will deal mainly with this spe- 
cial case, but it will be clear that many 
of the considerations presented apply 
equally well to the more general case of 
cancer induction by a variety of agents. 

There is no question as to whether leu- 
kemia may be a result of total-body irra- 
diation, or of irradiation of large masses 
of blood-forming tissue, at high dosage 
levels—that is, at levels at or above 10 


or 20 percent of the acute lethal dose, 
where widespread cellular destruction 
occurs in both lymphoid and myeloid 
tissues. This has been well established in 
work with animals and is obvious as well 
from the human data to be discussed 
here. 


The Human Evidence 


The data on leukemia incidence in the 
irradiated populations of Hiroshima and 
Nagasaki (3) suffer from the fact that 
they have been calculated on the basis 
of concentric circles at 500-meter inter- 
vals from the hypocenters. Within each 
sector defined in this way, the range of 
radiation dosages is very large. For the 
area up to 1500 meters from the hypo- 
center (that is, the area where dosage 
to unshielded or slightly shielded per- 
sons is currently estimated as 125 rad 
or above), the evidence for induction of 
leukemia is plain, and it is clear that 
the incidence increases the closer a per- 
son was to the hypocenter. 

In the critical area, from the point of 
view of this argument—that from 1500 
to 2000 meters from the hypocenter— 
the leukemia incidence has appeared 
likewise to be increased, although the 
increment was, in absolute numbers, not 
more than four or five cases. Such pre- 
liminary data as were available until re- 
cently (3) indicated, in fact, that the in- 
crement is limited to the nearest quartile 
of this area—that between 1500 and 
1625 meters—and that those cases seen 
from the area beyond 1625 meters oc- 
curred with a high probability in persons 
who had acute radiation symptoms (4). 
This would suggest that these individuals 
received substantially more than the esti- 
mated dosage, or else that other factors 
leading to acute aplastic anemia were of 
importance in the subsequent develop- 
ment of leukemia. It may be concluded 
that no increased incidence of leukemia 
following a smaller dose than 100 rad 
has been demonstrated. Publication of 
more recent figures (5) shows that the 
incidence of leukemia within the 1500- 
to 2000-meter sector equals that in the 
control sector within one standard devi- 
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ation and further emphasizes the uncer- 
tainties of present dosimetry. The pres- 
ent data are at least as compatible with 
a physiological mechanism linking leu- 
kemogenesis with initial severe hemato- 
poietic damage, or with some other non- 
linear relation, as they are with one 
assuming an effect that is strictly linear 
with dose. 

The best documented evidence of in- 
crease in leukemia incidence with in- 
crease in radiation dosage is that de- 
tailed by Court-Brown and Doll (6) 
These investigators made a painstaking 
study of patients irradiated over the 
spine and elsewhere to alleviate the 
symptoms of ankylosing spondylitis, and 
the individual doses have been carefully 
calculated. It is noted that the calcu- 
lated mean spinal marrow doses show 
a curvilinear relation to leukemia inci- 
dence. Something resembling a linear 
relation can be deduced only by dis- 
carding those cases in which extraspinal 
irradiation was also given. The effect of 
this procedure is to eliminate almost all 
of the cases receiving a high dosage— 
those which most clearly demonstrate 
the nonlinearity of the function. It is 
indicated that these cases were omitted 
because high doses elsewhere may have 
involved other marrow areas; however, 
since the calculated integral body doses 
also show a curvilinear relation to leu- 
kemia, the reason for this treatment of 
the data is not at all apparent. Indeed, 
the authors state that they cannot rule 
out a threshold but suggest that a linear 
relation without threshold constitutes a 
good “working hypothesis.” 

While the actual data indicate that 
this working hypothesis is a less prob- 
able one than one that assumes a thresh- 
old or a nonlinear relation, it is illumi- 
nating to make a careful study of the 
clinical protocols. First, of the 32 cases 
accepted as leukemia after careful study 
of pathologic material, only 22 were so 
certified at death, and another five cases 
were classed as suspicious but lacking a 
final positive diagnosis. Many more cases 
of aplastic anemia were observed within 
the same range of dosages. Those who 
have had experience with clinical leu- 
kemias will be impressed by the high 
proportion of equivocal cases. If one is 
willing to forego the statistical require- 
ment of assigning each case to a single 
disease category, it is obvious that many 
of the cases illustrate the unfolding of a 
sequence of pathologic changes in which 
a persistent disordered or aplastic state 
of the marrow is a precursor rather than 
a consequence of leukemia. This is like- 
wise true of other agents similarly affect- 


ing the bone marrow, notably benzol 
7). 

All of the cases of leukemia arising in 
this series followed doses exceeding 450 
r to the spinal marrow, with one excep- 
tion. In the exceptional case, the leu- 
kemia was of the lymphatic type and the 
patient had been more heavily irradiated 
in extraspinal areas. 

In other series of cases where leukemia 
has resulted from irradiation, there is no 
information bearing on the question of 
linearity. Children receiving treatment 
to the thymic area have shown an inci- 
dence of about 0.5 percent (8). This is 
true in both dosage groups—above and 
below 200 r. There has been no further 
breakdown of the dosages, but it may 
be presumed that all irradiations were 
severely damaging to thymic tissue, since 
the purpose of treatment was to produce 
involution of the presumably enlarged 
thymus. Cancer of the thyroid is also fre- 
quently preceded by thymic irradiation 
above 200 r (9), but it is possible that 
complicated endocrine interrelationships 
may be operative in this instance. 

It has been noted for some time that 
American radiologists are more prone to 
leukemia than other physicians (/0). 
The average dose sustained by this group 
has recently been estimated as about 
2000 r delivered over many years (//), 
but no particular distribution of indi- 
vidual dosages can be assumed, and it is 
certainly not justifiable to use any esti- 
mated average dose in an argument con- 
cerning linearity unless the distribution 
can be established. Since the average ac- 
cumulated dose to radiologists seems to 
have been far in excess of the single 
midilethal dose for man, and since the 
increment in leukemias is much less 
than that observed in the most heavily 
exposed Hiroshima survivors, it would 
seem that a gradually accumulated dose 
is much less effective than the same dose 
received at one time. This is in accord 
with experimental data, and its signifi- 
cance will be discussed later. 

The most impressive survey indicating 
that leukemia may follow rather low 
single doses of x-ray is that of Stewart 


‘et al. (12). In a partially complete sur- 


vey of childhood leukemias in England 
and Wales over a 3-year period, it ap- 
pears that abdominal radiography dur- 
ing gestation (generally radiographic pel- 
vimetry) about doubles the probability 
of development of leukemia, and also of 
various forms of cancer, in the first 10 
years of postnatal life. While the fetal 
radiation doses would be assumed to be 
small, they are quite variable even in the 
instances so far reported (73), and in a 
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survey of an entire country, they almost 
certainly cover an even wider range of 
techniques and dosages, perhaps includ- 
ing a certain number of fluoroscopies. 
Pending the accumulation of further 
data (for example, regarding the vari- 
ables of sex, order of birth, and domi- 
cile), it can only be said that these data 
reaffirm that radiation is mildly leu- 
kemogenic, but that they add little to 
the linear hypothesis. Certain criticisms 
of the study have been brought forward 
14), particularly to the effect that radio- 
graphic procedures may be based on par- 
ticular medical indications which may 
bear some causal relation to leukemia in 
children. Another recent study (/5), 
while not taking into account radio- 
graphic pelvimetries, demonstrated that 
allergic states in the mother (including 
the use of antihistaminic drugs) predis- 
posed to the development of childhood 
leukemias. 

There has been a formidable increase 
in leukemia incidence in the United 
States population in the past few dec- 
ades; it more than doubled between 
1925 and 1940 in all classes (white and 
nonwhite males and females) (/6) and 
continues to increase. The increment 
certainly is relatively greater than that 
in the average population exposure to 
radiation in the same period. A part of 
this increase is no doubt due to improved 
diagnosis, since, as was mentioned above, 
a diagnosis of leukemia is not always 
simple or obvious, While this steady in- 
crease has been loosely attributed to an 
increase in human irradiation (/7), 
there seems to be no doubt that many 
other potentially leukemogenic agents 
have likewise had increasing impact on 
man, none of which (except perhaps 
benzol) has been seriously considered 
from the standpoint of possible leukemo- 
genic action. The suggestion has been 
made (/8) that, as a result of reduced 
mortality from infections, persons sus- 
taining damage to the bone marrow are 
increasingly likely to survive to develop 
leukemia. 

It would appear from the foregoing 
discussion that, in the only series of data 
where linearity from zero might be dem- 
onstrated (6), it has indeed not been 
shown, It is also apparent that a critical 
analysis of the data fails to establish 
any human leukemogenic response below 
about 100 r, although, on further analysis 
in detail, the data of Stewart (/2) might 
conceivably establish such a response in 
the special case of the fetus receiving a 
single, nearly instantaneous dose. Vari- 

~vous alternative hypotheses can be con- 
structed which conform to the existing 
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information as well as, or better than, 
this one 

There is relatively little reliable clini- 
al information concerning other forms 
of malignant disease in the same context 
The American radiologists, who have 
shown a considerable propensity to leu- 
kemia, have not shown any increased 
tendency to tumors of bone, although at 
the voltages used in diagnostic radiogra- 
phy, the bone-forming cells may be ex- 
pected to receive several times as much 
ionization as do the soft tissues. Studies 
of juvenile cancer of the thyroid have 
shown that it usually occurs in persons 
who have had previous irradiation of 
the thymus, which, as mentioned above, 
entails a dose of about 200 r. In Stew- 
art’s studies relating childhood leukemia 
to diagnostic procedures on the gravid 
mother, a similar relation was found 
with other forms of malignant disease 
occurring before the age of ten 


Experimental Studies 


In spite of the extensive work that 
has been carried out in experimental car- 
cinogenesis, there is remarkably little 
which suggests the possibility of a linear 
dose-response relation—the most obvious 
one to look for—while there are many 
instances in which the response is clearly 
not linear. One recent review of the sub- 
ject, referring to radiation carcinogenesis, 
states that “none of the animal experi 
ments have indicated a linear relation 
ship between tumour incidence and 
dose” (19 

Among the difficulties encountered in 
such studies are: that there is a natural 
“spontaneous” incidence of all or most 
tumor types; that there is a “latent 
period” which may be a significant frac- 
tion of the life span, and which appears 
to increase as the dose of the carcinogen 
is towered; that induced tumors may 
continue to develop throughout life; 
that the spontaneous incidence usually 
increases with age; and that verification 
of a single tumor ordinarily requires 
careful microscopic study of well-pre- 
served material (this is particularly true 
of the leukemias). 

One clear instance of a nonlinear re- 
sponse is that of lymphoid tumors in 
mice induced by total-body x-ray (20). 
Here the latent period is short (about 
100 days) and the response runs its 
course well within the life span of the 
species; also, the natural incidence as a 
function of age is well established. Under 
these circumstances it has been shown 
that the number of additional tumors in- 


creases more than tenfold as the x-ray 
dose is increased by a factor of three 

Further evidence of the nonlinearity 
of this form of leukemogenesis is seen in 
a study of mice irradiated by doses rang- 
ing as low as 16 rem (2/). While the 
data are shown only in graph form, it 
is clear that incidence of thymic lym- 
phomas rises very steeply at the higher 
doses and cannot be extrapolated linearly 
to zero. Myeloid leukemia is relatively 
rare, and the data (involving, appar- 
ently, less than a dozen cases at the 
lower and control levels) seem to allow 
the possibility of a linear no-threshold 
function but not to prove it (22 

There are no studies of the dose-re- 
sponse relation in chemical carcinogene- 
sis that have been extensive enough to 
settle the point under discussion. Care- 
ful scrutiny of the data of Bryan and 
Shimkin (23) suggests a threshold for 
one carcinogenic hydrocarbon but not 
for another, but in neither case were 
enough animals exposed at lower doses 
to establish the true nature of the func- 
tion. Graffi (24) has presented data 
showing a marked threshold when di- 
methyl-1,2-benzanthracene is painted on 
mouse skin, while if croton oil is also 
administered, a linear relation appears 
at daily doses of between 10 and 100 
micrograms of the carcinogen. 

Induction of bone tumors by divided 
doses of strontium-89 was demonstrated 
some years ago to be markedly dose-de- 
pendent (25). In this instance the rate 
of tumor development was found to be 
proportional to dose and to the time 
after the end of a latent period. I in- 
terpreted these data to indicate that each 
increment of radiation confers an equal 
probability of tumor development that 
is indefinite in time, beginning after a 
latent period which becomes longer as 
the dose rate is reduced. In a sense, this 
is a linear response, but in the context 
of the mutation theory the latent period 
becomes meaningless, since a simple so- 
matic mutation theory implies equal re- 
sponsiveness of any single cell receiving 
a certain point mutation (necessarily 
basic to a linear response at low doses). 
If one calculates numbers of tumors at 
any given time after the onset of irradia- 
tion, a markedly nonlinear function is 
seen. 

Perhaps the only recent experiment 
in which a linear relation is more than 
remotely possible is that of Bond et al. 
in which mammary tumors (benign and 
malignant) were induced in Sprague- 
Dawley rats by doses of total-body x-ray 
of between 25 and 400 r during the first ~- 
year of life (26). Since these tumors are 
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very common in females of this strain 
at a year or more of age, and since the 
numbers produced in this experiment 
are equivocally small, linearity cannot be 
proved even within those limits, and the 
possibility of an acceleration of a nor- 
mal process has not been ruled out, 

Ultraviolet light is consistently effec- 
tive in the production of skin cancer in 
man and other animals. Blum (27) has 
analyzed the results of several time- and 
dose-patterns of irradiation and has 
failed to demonstrate any responses that 
fit with a linear hypothesis. The re- 
sponse is markedly time-dependent and 
requires continued exposure, and its na- 
ture indicates rather conclusively that a 
sequence of radiation-induced changes 
must take place before a tumor will ap- 
pear. 

For a single-event theory to hold water 
implies that the response must be inde- 
pendent of dose rate. Lack of dose-rate 
dependence has been one of the crucial 
proofs of the linearity of the genetic point 
mutation. No cases of strict equality of 
the carcinogenic response at different 
dose rates have apparently been reported. 
As a rule, the response drops off with 
lengthening of the total time of exposure. 
This is seen clearly in rats exposed to 
external beta irradiation in single or 
daily doses (28). In the case of lym 
phoid tumors in mice, the induction rate 
appears to pass through a maximum 
when irradiation is distributed over a 
period of a few days, falling off on either 
side of this optimal rate (20). 

There are many examples of the in- 
duction of malignant disease through 
mechanisms which are clearly indirect— 
that is, where irradiation of a cell can 
be shown not to be the critical factor. 
It has been found, for example, that ir- 
radiation of the mouse ovary results in 
ovarian cancer only when all of the 
ovarian tissue has been irradiated, so 
that pituitary gonadotrophins are evoked 
and stimulate this tissue to hyperplasia 
and, eventually, to abnormal growth 
(29). 

A striking example of the indirect 
mechanism is seen in induction of lym- 
phoma in mice, which, as mentioned 
above, is clearly not a linear response. 
Mice in which lymphoma is readily in- 
duced by total-body irradiation can be 
almost wholly protected by shielding 
part of the body (30), or by irradiating 
the anterior and posterior halves of the 
body a few days apart (3/). Since lym- 
phoma can also be prevented by the ad- 
ministration of bone marrow following 
total-body irradiation (32), it seems 
likely that a prolonged depression of the 
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whole blood-forming system is more cri- 
tically necessary to its development than 
irradiation of the cells. It has, in fact, 
been noted that while lymphoma can be 
prevented by thymectomy in certain 
strains, it may develop in an unirradiated 
thymic transplant in an irradiated mouse 
(33) 

In addition to these and other evi- 
dences of indirect physiological mecha- 
nisms intervening between tissue irradia- 
tion and malignant change, there is : 
large body of evidence indicating that 
the malignant transformation occurs 
after a sequence of “precancerous” stages 
has taken place. The most widely ob- 
served example is in the development 
of skin cancer, which, in whatever way 
it is produced, is likely to be preceded 
by various types of benign atrophic or 
hyperplastic states; in experimental stud- 
ies it most often develops in a benign 
papilloma. It has long been known that 
in rabbits treated with tar, a large num- 
ber of papillomas is produced but only a 
very occasional one proceeds to malig- 
nant change. Gliicksmann (34), studying 
precancerous tissue changes, has ob- 
served that, following local irradiation, 
there is a long succession of destructive 
and proliferative changes culminating 
finally in cancer; this is in contrast to 
induction of similar tumors by hydro- 
carbons, where, if the treatment is inten- 
sive, the cancer may appear almost at 
once. It appears to be impossible, by in- 
creasing the dose of a radioactive agent, 
to reduce the latent period of carcinoma 
or sarcoma below about 6 months (35) 
Many other lines of evidence point in 
the same direction: the statistical studies 
of Blum (27) on ultraviolet-induced tu- 
mors; the pathologic studies of Foulds 
(36) on spontaneous breast cancer; stud- 
ies on cocarcinogens (for example, cro- 
ton oil) (37); Tannenbaum’s observa- 
tions (38) concerning the different 
effects of diet in the early and late phases 
of carcinogencsis; and a number of re- 
cent studies on the gradual process by 
which a tumor develops invasive char- 
acteristics. The entire question of the 
complexity and apparent multistage na- 
ture of carcinogenesis has been discussed 
at length by others, including Huxley 
(39) and Oberling (40). 


The Somatic Mutation Theory 


It has been natural to think of the can- 
cer cell as a mutant of the normal tissue 
cell. What sort of mutation or combina- 
tion of mutations it may represent has, 
however, defied intensive and prolonged 
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study. In the last analysis, cancer is de- 
fined by its interaction with the normal 
tissues—by its “invasiveness” or ability 
to metastasize in the original host, or to 
transplant into a genetically nearly iden- 
tical recipient or into an immunologi- 
cally inert environment such as the an- 
terior chamber of the eye (these criteria, 
incidentally, become satisfied only in a 
relatively late stage of a morphologically 
identified cancer). Morphologically, it 
is characterized by variability of cell size 
and by irregular mitoses; on careful cyto- 
logical analysis, by aneuploidy and the 
presence of supernumerary chromosomes. 

The unequal mitosis was first clearly 
recognized by von Hansemann in 1890 
(417), and Boveri later (42) emphasized 
that this might have significance in the 
etiology of tumors. The concept of the 
somatic mutation grew, with increasing 
sophistication in genetics, and was first 
spelled out by Whitman in 1919 (43). 
Muller, in a brilliantly concise paper in 
1927 (44), first suggested a possible re- 
lation between the mutagenic and car- 
cinogenic actions of x-rays. In the past 
30 years, workers in cancer research have 
kept the somatic mutation theory under 
scrutiny, but no definitive test of it has 
been achieved. 

It is important to keep in mind that 
the somatic mutation theory is amenable 
to a variety of interpretations. In the 
sense that it is merely a restatement of 
well-known facts, it has little meaning 
to the present argument. Only if it is de- 
fined restrictively as referring to a single 
point mutation or similarly unique event 
does it imply a linear relation between 
cancer incidence and the amount of a 
mutagenic carcinogen. In the event that 
particular sorts of chromosome rear- 
rangements or a certain combination or 
succession of mutations are necessary, a 
linear relation is negated. Careful con- 
sideration of the evidence has led to 
even broader interpretations of the the- 
ory—namely, that the critical changes 
occur through interaction of enzyme-de- 
termining genes, plasmogenes, and sub- 
strates (45). The view that cytoplasmic 
changes are important is supported by 
the fact that the chemical carcinogens 
appear to be fixed to cytoplasmic rather 
than to nuclear constituents (46). 

Efforts have been made to find a cor- 
relation between mutagenic and carcino- 
genic potency of various agents and have, 
in general, met with exceptions in both 
directions (47). The entire matter of the 
somatic mutation theory has been care- 
fully reviewed by Burdette (48), who 
finds little evidence favoring a single cell- 
mutation process. The remainder of this 
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discussion, except where otherwise in- 
dicated, will refer to the point mutation 
in a single cell as the carcinogenic de- 
terminant, since that concept is neces- 
sary to the linear theory. 

I have previously taken occasion (49) 
to direct criticism against the somatic 
mutation theory on the basis of the mu- 
tation rates it implies, particularly when 
animal species of greatly differing size 
are considered. While the genetic mu- 
tation affecting an individual is clearly 
traceable to an event occurring in a sin- 
gle cell, the somatic mutation which 
leads to a tumor in an individual would 
be presumed to have occurred in any of 
a very large number of cells of the par- 
ent tissue. A postulated rate of human 
leukemia development of around 10-* 
per year per roentgen (2) (since there 
are perhaps 10" proliferating myeloid 
cells capable of mutating) yields an esti- 
mated somatic cell mutation rate of 
about 10-'? per year (50). Similarly, the 
“spontaneous” cell mutation rate to leu- 
kemia on these assumptions must be very 
low. A little computation shows that if 
cancer is a result of a particular muta- 
tion in a single cell, a local radiation- 
induced perturbation in a given molecule 
is extremely unlikely to produce a car- 
cinogenic somatic mutation; or, ex- 
pressed in older terminology, such a mu- 
tation must occur in an infinitesimally 
small target area (5/). In more modern 
genetic terminology, the “penetrance” 
of such a mutation must be so small as 
to require some special interpretation. 

The situation is still more difficult to 
rationalize when we consider the impli- 
cations of the fact that different species, 
such as mouse and man, have roughly 
equivalent cancer rates (spontaneous 
and radiation-induced) but that the 
number of cells from which cancer pre- 
sumably can arise differs by a factor of 
more than 1000. This applies if muta- 
tion rates of somatic cells are properly 
to be calculated per generation of the 
species; if they were to be calculated on 
the basis of time, an additional factor of 
about 30 would be introduced. With 
reference, for example, to myeloid leu- 
kemia, it is apparent that the rates per 
mouse and per man are the same within 
an order of magnitude (52). 

One possible way out of this dilemma 
would be to adopt the assumption that 
somatic mutation rates are much lower 
in man than in smaller, shorter-lived 
animals. In view of the great structural 
and functional similarities between so- 
matic cells of the various species, and 
since no differences exist in the genetic 
mutation rates (spontaneous or in- 
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duced), this seems highly improbable. 
Another possible escape would be to as- 
sume that only a certain small number 
of cells (say one) in a given tissue of 
any species was capable of undergoing 
a mutation to cancer, Such circum- 
stances as those, however unlikely, might 
serve to explain why certain species are 
able to attain greater size and age span 
than others. I feel, however, that the 
burden of proof must rest on those who 
are attracted to the somatic point-mu- 
tation hypothesis because of its super- 
ficial simplicity, and that they are the 
ones to take those difficulties into ac- 
count. 

If we are to accept the rather appar- 
ent fact that a large number of cells are 
potentially capable of mutating to can- 
cer cells, and that therefore the somatic 
cell point-mutation rates must be enor- 
mously lower than those encountered in 
genetic mutations at a single locus, we 
are led to the conclusion that cancer is 
a very improbable result of a single mu- 
tation and, therefore, that other events 
are necessary in addition: perhaps one 
or more additional mutations occurring 
in the same or nearby cells, or other, 
physiological determinants. In the first 
instance the dose-effect relation will be 
a curvilinear one representing a power 
function of dose [the data of Court- 
Brown and Doll (6) actually fit a 
square-of-dose relation much better than 
they do a linear one). The species dis- 
crepancy might then be explained on the 
basis that the functions are of a differ- 
ent power—that is, that different num- 
bers of “hits” are necessary to produce 
cancer in different species; this has in- 
deed been suggested to account for vari- 
ous spontaneous cancer rates in several 
species (53). 

Considerable attention has been given 
recently to the natural age incidence of 
cancer as well as to that of gross mor- 
tality. It has been known for over a cen- 
tury (54) that human mortality rates 
tend to increase exponentially with age, 
indicating a mathematical function (the 
Gompertz function) of what may be 
called the aging rate. In recent years, 
with advances in medical means of com- 
bating infections and other diseases of 
early and middle life, this function is 
i i evident in vital statistics 
(20, 55). In anisnals of shorter life span, 
same but the time scale is shortened, so 
that the doubling time of the mortality 
rate is about ten years in man and 100 
days in the mouse. 

A similar age-incidence function ap- 
plies to many diseases, including the vari- 
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ous forms of cancer (55). In the latter 
case, it has been noted that there is an 
early peak in childhood, the height of 
which varies with the tumor type (this 
is essentially the only component in some 
neuroblastic tumors and in Wilms’ tumor 
of the kidney), suggesting that there may 
be two basically different mechanisms of 
“natural” carcinogenesis. It is apparent 
that the cancer curves decline from the 
exponential slope in extreme old age; 
this may be an artifact of diagnosis or 
it may represent an effect of senility on 
the process; it has also been pointed out 
that the curves may better be fit to a 
power function of time, as if a multi- 
plicity of events is necessary (53). 

It is difficult to explain the age inci- 
dence by a single-mutation mechanism 
of carcinogenesis; this certainly cannot 
be done if we are to assume that radia- 
tions (or similarly acting chemical 
agents) are totally responsible, through 
such a mechanism, for forms of cancer 
in which the exponential age incidence 
is observed. One possible mechanism in- 
volving mutational change has been sug- 
gested by Armitage and Doll (56), who 
postulate that an initial change gives 
rise to a clone of exponentially growing 
cells which are subject to a further, car- 
cinogenic change. This, if applied to 
radiation, would imply an exceptional 
effectiveness of widely spaced dosages, 
which does not appear to have been ob- 
served. Other explanations of the natural 
age incidence based either on an expo- 
nential or a logarithmic curve have also 


postulated multiple independent events 
(57). 


Alternative Hypotheses 


It has already been made clear in this 
discussion that a linear theory resting on 
the somatic mutation is not valid if more 
than one mutation, or if some nonlinear 
phenomenon such as a chromosome re- 
arrangement, is necessary. This may be 
generalized by saying that a linear the- 
ory is valid only if a single factor in the 
process is linearly responsive to the car- 
cinogen (for example, radiation), while 
all others (if any) are quite independent 
of «t. Such complications may indeed ex- 
ist in radiation mutagenesis in the mouse, 
where neither dose nor dose rate shows 
a clear linear relation to genetic muta- 
tion rate (58). 

Cocarcinogens. There is much to sug- 
gest, in experimental carcinogenesis, that 
“latent” tumor cells are produced by one 
process and brought to a malignant state 
by a cocarcinogen. The most potent such 


agent is croton oil. In the mouse, this 
agent brings to rapid fruition many tu- 
mors that are potentially created by a 
chemical carcinogen (37). It has been 
found that croton oil abolishes the 
threshold which is observed when only 
the carcinogen is applied (24). On the 
other hand, repeated applications of the 
carcinogen have been more effective in 
producing malignant tumors than a sin- 
gle application followed by the cocarcin- 
ogen (59). Where croton oil treatment 
follows a radiation exposure, only an in- 
crease in the number of benign papil- 
lomas has been observed (60). 

Role of cell division. It can be en- 
visioned that a number of cell divisions 
may be necessary in order for a carcino- 
genic mutation to manifest itself; such 
phenomena have been observed in other 
fields of genetics. This could explain the 
rather high frequency with which ma- 
lignant changes occur in tissues that are 
cultivated over a period of months 
(where the mass of tissue is small, but 
where more successive cell generations 
occur than in the achievement of the 
cell mass of an adult). 

In this instance, it will be noted that 
massive destruction of tissue results in 
regeneration of cells and that this process 
is observed repeatedly during the “latent 
period” following carcinogenic irradia- 
tion of tissue. This is difficult to fit to a 
linear hypothesis. In the first place, Puck 
and Marcus have demonstrated that cell 
death is not linear but is better described 
by a two-hit curve (6/); also, the num- 
ber of cell generations required in re- 
pair would more or less be an exponen- 
tial function of the relative amount of 
destruction. 

Carcinogenic potential of a single cell. 
It may be observed that a single cancer 
cell is unlikely to give rise to a tumor. 
This is dramatically shown by the ex- 
traordinary frequency with which cancer 
cells are seen in relatively small samples 
of blood draining a human tumor—for 
example, in 10-milliliter samples from 
over 20 percent of patients, including 
many which are not showing metastases 
(62). In highly autonomous experimen- 
tal tumors, under favorable conditions, 
single cells may transplant to give tu- 
mors, but under most conditions large 
numbers of cells must be inoculated for 
a “take.” 

Physiological environment. It has been 


“generally believed that the tissue envi- 


ronment is important in determining 
cancer cell growth. This concept has 
many facets. The proliferation of single 
cells in tissue culture, for example, re- 
quires that they be closely confined, or 
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that they be explanted with a large 
number of other cells, or that they be in 
a “conditioned” medium in which other 
cells have been cultivated. Again, as was 
described many years ago hy Willis (63), 
there is little evidence from detailed his- 
tologic work that would lead one to be- 
lieve that cancer arises in a single dis- 
tinguishable cellular focus, since it is 
usually multicentric in its earliest visi- 
ble stages. Biochemical studies have led 
Warburg (64) to suggest that the tumor 
arises in some way adaptively to an en- 
vironment in which oxidative processes 
are interfered with. Experimentally it 
has been found that small tumor inocula 
take more readily in altered tissue, such 
as in the liver damaged by chloroform 
(65), while experiments employing skin 
transplantation have shown the same 
thing in the converse: carcinogenically 
treated epidermis fails to produce tu- 
mors when it is transferred to a fresh 
site (66). 

While these observations are somewhat 
varied and point in a number of direc- 
tions (and there are many more such), 
they all point away from the simple con- 
cept of a single mutation operating free 
of other influences which depend on the 
carcinogen. To take radiation as an ex- 
ample, a visible disorder of tissue archi- 
tecture and of its vascular supply is uni- 
versally characteristic of those dosage 
levels at which cancer is an observed 
end result. It should not be forgotten 
that in a number of other situations 
where such disorder is the chief recog- 
nizable change—as, for example, follow- 
ing thermal burns—cancer frequently 
arises. 

While the concept of a multiplicity of 
single mutation-like events leads neces- 
sarily to a nonlinear relation between 
dose and cancer incidence, the added 
concept of a state of tissue disorder as a 
requirement of tumor appearance im- 
plies that a true threshold can occur. 
There seems to be no direct evidence of 
any sort that can rule this out. 

Enzyme deletion and similar mecha- 
nisms. Considerable evidence has been 
brought forth recently which indicates 
that cancer may very well not be due to 
a gene mutation mechanism at all, but 
to a special situation determined by 
cytoplasmic (that is, plasmagene-depen- 
dent) conditions leading to deletion of 
certain enzyme-forming systems (67). 
Evidence for this is found in the fact that 
many chemical carcinogens are fixed to 
cytoplasmic proteins; that the enzyme 
patterns in tumors are characterized 
mainly by various deficiencies; and that 
changes in enzyme patterns—in particu- 
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lar, development of new pathways—can 
owe their origin to shifts in the concen- 
tration of various substrates. This 
condition can occur through known posi- 
tive and negative feedback systems. Per- 
haps the most important of these involves 
pathways, only beginning to be defined, 
by which the formation of thymidine is 
kept under control (68). A failure of 
the feedback mechanism which nor- 
mally retards thymidine synthesis might 
be sufficient to give rise to cancer as it 
is clinically recognized and defined. Such 
a mechanism of carcinogenesis would 
explain the necessity for a particular sub- 
strate concentration, hence for a group 
of potential cancer cells or of a specially 
abnormal tissue milieu. It would like- 
wise predict—unless such systems are 4s 
unique in each cell as are single genes— 
a multiplicity of “hits,” involving in ad- 
dition, perhaps, a competition between 
normal and abnormal! plasmagenes for 
supremacy. Haddow (69) suggests a 
nuclear site for the development of cn- 
zymatic changes or deletions altering 
growth control, perhaps in the hetero- 
chromatin, and Green (70) has devel- 
oped evidence for a theory that the loss 
may be of certain immunologic identi- 
fiers. While a single-event process might 
be consistent with some of these mecha- 
nisms, I feel that many of the considera- 
tions given above cast great doubt on this 

The virus theory. Brief mention may 
be made of the theory, for which there is 
some experimental evidence, that there is 
a provirus which may, through action of 
a carcinogenic agent, be altered to pro- 
duce a tumor agent in the cytoplasm. 
Such viruslike agents include the milk 
factor and the leukemia agent (7/). The 
possibly analogous production of infec- 
tive agents from lysogenic bacteria has 
been shown by Marcovich (72) to be 
linear with a large range of radiation 
dosages. Again, the great rarity of car- 
cinogenesis as a cellular change appears 
to be strong evidence against accepting 
this as a single-hit cause of cancer; also, 
the type of leukemia in which this sort 
of agent has been demonstrated, the lym- 
phatic leukemia of the mouse, is the 
most notorious instance of a nonlinear 
radiation response. 


Di . 


It has been suggested that strontium- 
90 from fallout might be linearly respon- 
sible for a very low (but in absolute 
numbers, appreciable) incidence of leu- 
kemia. It has been further suggested 
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that very low-level increments of carbon- 
14 might (due to its 5000-year half-life) 
result, in many thousands of ycars, in 
calculable, if not determinable, num- 
bers of leukemias. From the foregoing 
discussion it is deduced that this seems 
most improbable. Moreover, strontium- 
90 can, in man, affect only a very local- 
ized part of the marrow, and at a dose 
rate which is extremely low. 

This review has necessarily included 
only a small part of the literature perti- 
nent to this subject; the evidence offered 
against linearity at low doses must be 
taken only as illustrative, while the evi- 
dence in its favor has been discussed 
rather completely. With present experi- 
mental evidence failing to demonstrate 
linearity even in genetic mutations in 
the mammal, it would not seem reason- 
able to give undue credence to linearity 
in the much more complex matter of 
cancer production. The reader is encour- 
aged to examine some recent thoughtful 
reviews on the subject (73) before ac- 
cepting a simple theory of carcinogenesis. 


Summary 


1) Present data on human leukemo- 
genesis by radiation fail to indicate a 
linear relation between dose and effect. 
Because data are scanty, such a hypothe- 
sis cannot be ruled out statistically, but 
it is less probable than a nonlinear or 
threshold relation. 

2) Other instances in which carcino- 
genic agents have been examined from 
the standpoint of dose and dose-rate re- 
lations show many clear instances where 
the relation is nonlinear and none in 
which linearity is unquestionably demon- 
strated. 

3) Theoretical consideration of the 
probability that a single critical molecu- 
lar event, such as a mutation, will give 
Tise to cancer indicate that a malignant 
change must be an extraordinarily im- 
probable result of such a perturbation. 
It is also very difficult to reconcile this 
mechanism with the rather comparable 
spontaneous and induced-cancer inci- 
dences in species with greatly different 
numbers of cells. 

4) Any scheme in which multiple 
events caused by the carcinogen are re- 
quired to produce a tumor is incom- 
patible with a linear relation, while, if a 
disordered state of tissue is an impor- 
tant factor, a true threshold may even 
occur. There is much evidence, from 
cancer research of all sorts, indicating 
that one or both of these conditions is 
involved in the carcinogenic process. 
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The induction of leukaemia in man by penetrating radiation 
is now a well-established fact (Court-Brown, 1958). The 
major problems at the moment are the mechanism by which 
radiation produces leukaemia and the existence or not of a 
threshold dose below which leukaemia will not be produced. 
The two problems are closely connected, since the leukaemo- 
genic mechanism must determine the relation between dose 
of radiation and incidence of leukaemia. In fact the only 
evidence about the leukaemogenic mechanism in man which 
is available at present is the dose-response relation, which has 
been determined very approximately in the Japanese who 
received a single, very short exposure of radiation from the 
explosion of atomic bombs, and rather more accurately in the 
British patients with ankylosing spondylitis who each received 
one or more courses of treatment consisting of repeated 
exposures to x rays (Court-Brown & Doll, 1957). Animal 
experiments can clearly be designed to cover a much wider 
range of conditions of exposure to radiation than human 
experience can offer and should be capable of providing criti- 
cal tests of hypotheses in so far as dose-response relations can 
give information about mechanisms. Animal experiments, 
too, provide opportunities for experimental interference 
of a kind impossible in man. The value of animal experi- 
ments, however, may depend on how closely the animal 
disease mimics the human (cf. Israéls, 1954; Kaplan, 1954). 


1. Murine Leukaemia 


Leukaemia has been found to occur naturally in a variety 
of mammals but has been regularly produced by experimental 
irradiation only in mice. (The occurrence of leukaemia in 
chronically irradiated guinea-pigs has been reported only once 
(Lorenz & Congdon, 1955).) The kind of leukaemia most 
commonly found in irradiated mice is the mediastinal type, 
as reported in the first extensive account of experimental car- 
cinogenesis by whole body irradiation of mice (Furth & 
Furth, 1936). Here the thymus may appear to the unaided eye 
to be the only organ involved; the superior mediastinum is 
occupied by a soft tumour mass which may take up as much 
space as all the rest of the contents of the chest put together. 
The clinical picture is one of dyspnoea resulting from mech- 
anical interference with breathing and is thus totally unlike 
that of any human case of leukaemia. 
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At the other extreme there is generalized enlargement of the 
lymph nodes—including the paratracheal lymph nodes—and 
of the thymus, with infiltration of liver. splecn and bone- 
marrow. Thymic involvement, however, may not be detect- 
able by the unaided eye and the clinical picture is then closely 
similar to some cases of human Icukacmia. All grades of 
thymic involvement and lymph-node non-invulvement may be 
found, and whether murine lymphoid leukosis is thought to 
resemble or to differ from human leukaemia depends very 
much on which of the two extreme pictures the observer con- 
siders most typical of the disease in the mouse. The physio- 
logical involution of the thymus with increasing physiological 
age is much delayed in the mouse as compared with man and, 
if the thymus is regarded as a normal lymphoid organ 
(Trowell, 1958), its involvernent in murine lymphoid leuk- 
aemia might be considered natural. Myeloid leukaemia is less 
frequently induced by irradiation cf mice just as its spon- 
taneous occurrence is rarer than that of lymphoid leukaemia; 
the opposite is true in man. 

An abnormally high peripheral white blood-cell count is 
more characteristic of human leukacmia than of mouse 
leukaemia but it is now generally recognized that tissue in- 
volvement, as in the bone-marrow, is a more fundamental 
feature. Jt must be recognized, however, that leukaemia is an 
unsuitable name for the murine discase. 

Besides typical myeloid and lymphoid keukaemia many 
other types of proliferative disease of icticular tissue can be 
defined in man and in the mouse. Dunn (1954) has attempted 
a comprehensive histological classification into which may be 
fitted many of the murine cases. My experience confirms hers 
that the kinds of disease differ in their relative frequency in 
genetically differsnt mouse stocks, and also that the difficulty 
of classification, the indctinite merging of one type into 
another through a serics of examples each differing only 
slightly from the next, varies greatly between genetically 
ditfcrent mouse stocks. When it is important to be able to 
classify reasonably well cach case of leukaemic disease which 
may occur, as must be done when determining dose-response 
curves to irradiation, the choice of the mouse strain to use for 
the experiments is of great moment. A strain with a high 
spontaneous incidence of some kind of leukacmia may well 
reduce the difficulties of classification, but this advantage is 
more than counterbalanced by the disadvantage of the short 
natural life-span and the fact that the difficulty of establishing 
with statistical certainty the reality of a small increase in in- 
cidence when the control incidence is of the order of 50% is 
greater than when it is nearly zero. 

In this laboratory the CBA mouse has been used for much 
of the work on mammalian radiation damage. The strain was 
originally developed by selection for longevity so that there 
is a low incidence of killing disease during the first two years 
of life. The mean age at death in our luboratory is about 27 
months for males, 29 months for femalcs. Thus, if a mouse 
is exposed to radiation for a period as long as several months, 
there is still plenty of time for the delayed effects of radiation 
to manifest themselves before mortality in the controls begins 
to complicate the interpretation of the results. 

In the CBA mouse the distinction between the different 
forms of murine leukaemia seems to be clearer than in the 
other strains used (see Table 1). The clinically distinct types 
of lymphoid leukaemia are the mediastinal and the generalized 
types already described, and a third type where spreading soft 
subcutaneous masses are found commonly in the axillae, on 
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TABLE |. INCIDENCE OF penenrne IN VARIOUS 
MOUSE STRAINS AFTER 6 OR 4 WEEKS « IRRA- 
DIATION (50 r. DAILY) 


tA x CBA 





* Measured from 8-10 weeks of age when the course of radiation 


started. 

t Acute radiation deaths (8) occurred in this group only. These 
deaths occurred near the end of the course of irradiation either 
Just before or during the few days after the last dose, and were 


aa to severe anaemia resulting directly from bone- 

marrow damage caused by the irradiation. 

This group received 25 r. daily. not 50 r. 

The shortened survival time is due to the high incidence of milk- 
factor mammary tumours. 


the dorsum between the scapulae and in the neck, without 
involvement of the iliac lymph nodes and with a very variable 
degree of visceral involvement. In myeloid leukaemia the 
lymph nodes are not conspicuously enlarged and may show a 
green or brown-green tingc: the spleen also is grey-brown 
rather than creamy. The accurate classification of stem-cell 
leukaemias where the abnormal! cells are not accompanied 
by more mature and definitely myelocytic or lymphoid cells re- 
quires methods additional to the histological examination of 
tissue. There isa very distinctive generalized reticulo-sarcoma 
of liver and spleen accompanied in middle-aged, but not aged, 
mice by involvement of the vagina: this seems to be the same 
as the histiocytoma described by Gorer (1946). The localized 
proliferative diseases of the mesenteric lymph node are un- 
common; this is helpful since they can be difficult to classify 
histologically and their clinical importance is uncertain. 
Neither the mesenteric lymph-node diseases nor the histio- 
cytoma of liver and spleen have been included in the class of 
murine leukaemia. Some cases where the cell type is that of 
the histiocytoma, but the lymph nodes and/or bone-marrow 
are involved, have been considered to be leukaemic. 


2. Radiastion-Induced Leukaemia 


In order to assess the leukaemogenic effect of irradiation, 
mice aged 8-10 weeks were given x rays cither in single doses 
or in a series of equal doses five days a week, once weekly or 
once fortnightly, to predetermined total doses (Corp, 1957; 
Mole, 1955, 1956). Table I shows that a 6-week period of 
daily irradiation at 50 1. daily 5 days a week can produce a 
leukaemia incidence of 60-100°% in three genetically different 
mouse strains, none of which has a high spontaneous in- 
cidence. This type of exposure to radiation seems therefore 
to be uniformly leukacmogenic in the mouse, and the results 
suggest that every mouse is capable of developing leukaemia 
if the right conditions for irradiation are chosen. 

No comparable human experience exists, although the x-ray 
treatment of ankylosing spondylitics is not too dissimilar in 
length of over-all exposure time and in accumulated dose. 
The major difference is in the irradiation of the whole of the 





mouse body as compared with the more localized spinal 
irradiation of the human patients. Kaplan & Brown (1951) 
showed experimentally, by irradiating the two halves of the 
mouse’s body at differing times, how necessary simultaneous 
or nearly simultaneous irradiation of the whole body was if 
a very high incidence of thymic leukaemia was to be produced. 
Whole body irradiation of mice with 1,000-1,500 r. over 4 to 6 
weeks (Table I) results in an incidence of leukaemia a hundred 
times greater than in subjects of ankylosing spondylitis given 
the same dose to the spinal marrow. 

Any estimate of the degree of leukaemogenesis by radiation 
depends on the base-line of incidence among controls. Before 
18 months this was negligible (Table I) but, as the control 
mice aged beyond the 18-month point, proliferative diseases 
of reticular tissue began to occur. Their total frequency, 
however, did not exceed 15-20% in any of the strains of 
Table I, so that irradiation clearly did more than merely 
shorten the “ maturation ™ time of a spontaneously occurring 
disease. Nevertheless the incidence of radiation-induced 
leukaemia against time after irradiation is clearly an important 
question, and in fig. 1 this is shown for over 300 examples 
occurring in irradiated female CBA mice. The leukaemias are 
divided into two classes, thymic leukaemia and generalized 
leukaemia of all other types. The class of thymic leukaemias 
includes a majority in which the thymus, or the superior 
mediastinum when thymus and paratracheal lymph nodes 
were not separately identifiabic, was involved to no greater 
an extent than might have been expected in a proliferative 
disease affecting the whole lymphoid system. The distinction 
between these and the generalized lymphoid leukaemias de- 
pended on whether the thymus was or was not involved as 
judged by the unaided eye, and was perhaps arbitrary. In old 
mice the thymus is naturally so atrophic that its involvement 
in proliferative disease might not be expected. In some young 
leukaemia, the thymus had apparently not yet properly re- 
generated after the damage produced by the irradiation. The 
paratracheal lymph nodes were then always involved, and 
often the leukaemic cells were infiltrating the paravertebral 


FIG. 1. DISTRIBUTION OF LEUKAEMIA IN FEMALE 
CBA MICE PLOTTED AGAINST TIME AFTER START 
OF IRRADIATION 










































Mice were aged 8-10 weeks at the beginning of their exposure. 


Broken line: thymic leukaemia 
Continuous line: other leukaemias 
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muscles of the thorax and the spaces around the nerve-roots 
and the spinal cord itself, thus causing gross paralysis of the 
lower trunk and hind limbs. 

Figure |} shows that an observational period of 19 months 
revealed all but one of 204 thymic leukaemias produced by 
irradiation of young adult female CBA mice. Generalized 
leukaemias, however, went on occurring for 30 months at 
least and did not show such a sharp peak of incidence during 
the first year. Furth & Upton (1954) found a similar differen- 
tial incidence with age in Rfi mice given a single dose of x rays. 
Leukaemia of either kind did not appear before 21 months in 
controls (figs. 2, 3). 

The cumulative incidences with time of the two classes of 
leukaemia are given separately in figs. 2 and 3 where the effects 
of different total doses are also shown separately. In these 
experiments the dose was 10 r. daily or 50 r. weekly, 25 r. 
daily or 125 r. weekly, or 50 r. daily (over-all exposure time 
2-30 weeks). Larger individual doses reduce the over-all 
incidence of leukaemia (Table II and Mole, 1956, 1958). 
Figure 2 shows a striking threshold effect. Very little thymic 
leukaemia was produced by a total dose of $00 r. The larger 
total of 750 r. increased the incidence more than tenfold, but 
increasing the dose still further did not increase the yield 
commensurately. 

Figure 3 shows a very different picture. The incidence of 
generalized leukaemia (all non-thymic types combined) 
steadily increased with time whatever the total dose. Late in 
life the lowest total dose, 500 r., apparently had more effect 
than the higher doses, but after 20 months there were very 
few mice left in the other groups. It must be emphasized that 
this group of generalized leukaemias is not homogeneous, and 
needs further analysis: for example, after total doses of 1,500 


FIG.2 DOSE OF x RADIATION AND CUMULATIVE 
eR tees OF THYMIC LEUKAEMIA IN FEMALE 
' 


Abscissae: months after start of irradiation 

Ordinates: percentage of mice with thymic leukaemia 
The number of mice in a group was 72, 115, 40 and 90, for the total 
doses of 1,500, 1.000, 750 and 500 r. respectively. 


Over-all exposure time: 2-30 weeks (see text). Each accumulated 
total dose is indicated by a different symbol: 


@@ coral dose of 1,500 r. 
© wal dose of 1,000 r. 
@-@ total dose of 750 r. 
++ total dose of 500 r. 
OC control animals 


FIG. 3. DOSE OF x RADIATION AND CUMULATIVE 
INCIDENCE OF NON-THYMIC LEUKAEMIA IN 
FEMALE CBA MICE 


Abscissae: monchs after start of irradiation 
_ Ordinates: percentage of mice with non-thymic leukaemia 


Data as for fig. 2. 


r., a high proportion of cases of aplastic anaemia, which after 
review were considered to be cases of leukaemia, occurred 
just as in the patients with ankylosing spondylitis (Court- 
Brown & Doll, 1957) 

The excess of leukaemias produced by 500 r. (fig. 3) may 
perhaps be exaggerated by excluding from the class of leuk- 
aemia the reticulo-sarcomata of liver and spleen mentioned 
earlier. The incidence of this type of lesion was markedly 
reduced after all the radiation doses considered here. If one 
effect of radiation is to encourage the generalization of an 
otherwise focal proliferation of reticular tissue, it may not be 
fair, when assessing leukaemogenesis, to include the general- 
ized cases (which may occur in the irradiated) but to exclude 
the focal cases (which occur in the controls). Clearly much 
more analysis is needed to see whether the best basis for 
classification is clinical picture, morbid anatomy or cytological 
character, and before deciding whether the leukaemic diseases 
are a unitary group or have diverse aetiologies. 


3. The Role of the Thymus 


Comparison of figs. 2 and 3 shows how easy it may be to 
teach erroneus conclusions about the dose-response curve for 
the induction of leukaemia by radiation, when attention is 
confined to thymic leukaemia or when the observational 
period is cut short. Unfortunately most experimental work on 
murine leukaemia has been confined to relatively short-term 
experiments on thymic leukaemia. Here the evidence that 
radiation causes thymic leukaemia by an indirect mechanism 


TABLE Il. INCIDENCE OF LEUKAEMIA IN IRRADIATED 
FEMALE CBA MICE AND SIZE OF INDIVIDUAL 


Number of mice with leuxaenia/number in group 


230r 
fort- 
regntiy 
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is strong (Kaplan, 1954; Kaplan, Carnes, Brown & Hirsch, 
1956), and the remarkable effect on the incidence of thymic 
leukaemia of increasing the total dose from 500 to 750 r. 
(fig. 2) would be consistent with this view. Either thymic 
leukaemia is something different from other leukaemias or 
the thymus is conspicuously involved in murine leukaemia 
only when the physiology of the mouse is sufficiently disturbed, 
as by a large enough dose of radiation given over a period of 
time. 

The central place of the thymus in recent studies on murine 
leukaemia is clearly shown in recent reviews (Kaplan, 1954; 
Upton & Furth, 1957). However, it may not be right to 
attribute a peculiar importance to the thymus. It represents 
a large fraction of the lymphvid tissue of the young .nouse so 
that thymectomy, regarded simnply as removal of lymphoid 
tissue, might be expected to reduce the incidence of diseases 
arising in such tissue, and the restoration of susceptibility to 
leukaemia, spontaneous or radiation-induced, by the sub- 
cutaneous grafting of thymuses into thymectomized animals 
has not in fact been controlled in published experiments by the 
grafting of equal masses of non-thymic lymphoid tissue. This 
is unfortunate because the demonstration that leukaemia can 
apparently originate in an un::radiated thymus, when this has 
been implanted into a thymectomivzed mouse after it has been 
irradiated (Kaplan e/ ai. 1956), would seem to prove a 
humoral mechanism for leukaemogencsis. The proof hinges 
on the genetic characters of ihe kcuhaemia as determined 
by transplantation. Further evidence is being sought in this 
laboratory by a different method, chromosome markers being 
used to identify the origin of the leukaemia (Ford, Ilbery and 
Loutit, unpublished observations from this laboratory). 


4. Dose-Rate and the Leukaemogenic Mechanism 


Further information on the over-all incidence of leukaemia 
after total doses of less than 500 r. is clearly needed before the 
shape of the dose-response curve may be guessed at, and it is 
possible that other observations may allow a decision about 
the hypothesis that leukaemia is produced by radiation 
through the production of point mutations. The chromosome 
complement of leukaemic cci!s in the mouse is so commonly 
abnormal in severii respecis (Ford, Hamerton & Mole, 1956), 
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FROM NUCLEAR WEAPONS TESTS 


TABLE Il). THE EFFECT OF DOSE-RATE ON THE IN- 
CIDENCE OF LEUKAEMIA IN FEMALE MICE GIVEN 
1,000 r. WHOLE BODY y IRRADIATION DURING A 
4+WEEK PERIOD 


Number of mice with leukaernma, 
number us group after 10 
irradiation schedule monn observation 


CBA CS? ola 


S days weekly / } 

S days week'ly 
3 7 

| 


5 nights weekly 


Continuously | 3 
Controls 


The dose in Group D was 900 r., not 1,000 r. as had been planned. 
(Similar results are being obtained in other groups of mice similarly 
irradiated but observed so far for only months.) 


that it is tempting to think that these visible abnormalities 
indicate that the basic change which makes cells leukacmic is 
not a point mutation but something grosser. If such gross 
changes are indeed an aetiological factor in leukaemogenesis 
the effect of dose-rate might be of overriding importance, 
This deduction is being confirmed by the preliminary results 
of an experiment designed to test the question, in which the 
same total dose of radiation spread out over the same over- 
all exposure time was given in daily doses at different dose- 
rates (Table 111), Because of the short observation period any 
conclusions can at present apply only to thymic leukaemia, 
but for this form of leukaemia it is clear that somatic mutation, 
if it occurs, is of subsidiary importance to some factor de- 
pendent on dose-rate. Much more work is needed to extend 
these observations to smailer total doses spread out over 
longer periods of time and to other kinds of leukaemia. 
Nevertheless, chromosoma! abnormalities in leukaemua cells 
were, if anything, commoner in generalized leukaemia than in 
purely mediastinal leukaemia. 

This account is a personal one: few of the many published 
papers have been sclected for individual rcference. Exccilent 
reviews of the vast ficld of murine leukuemogenesis have been 
made by others (Furth, 1946, 1951; Kaplan, 1954; Upton & 
Furth, 1957). 
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Representative Hoxrrreip. I will ask our consultant, Dr. Paul 
Tompkins, to propound some questions to you, some of which are 
very technical. 

Mr. Tompkins. Would it be possible, Mr. Holifield, to reserve 
these questions until Dr. Law testifies ? 

Representative Horirterp. We will reserve those questions until 
later, if we may. 

Representative Duruam. I noticed your statement about the thresh- 
old concept. At the present time you don’t regard it as being very 
firm. It is just something that you have to think about and dream 
about, and come to some conchision. It has been bandied around 
here for the past few years as to whether or not we do have a 
threshold. 

Dr. Brurs. I think that is a very basic point that you have made. 
We have to consider that possibly there are a great many different 
ways in which this might work. We are not just choosing bet ween 
whether something will produce a thousand leukemias or no leuke- 
mias. It is possible that there might be some sort of mechanism 
going on that would produce 1 or 10 or some other number. A good 
deal of the confusion in the public mind, is the idea that the scientists 
have two hypotheses and they are trying to choose between them 
and they are not bright enough to distinguish between them. It is 
much more complicated than that. This is the point I meant to make. 

Representative DurHam. You believe there has to be a good deal 
more work before we can come up with a firmness on the threshold 
in this field. 

Dr. Bruges. Yes, sir. 

Representative HorrrteLp. We will now hear from Dr. Law. 


STATEMENT OF DR. LLOYD W. LAW,’ NATIONAL CANCER 
INSTITUTE, PUBLIC HEALTH SERVICE 


Dr. Law. Mr. Chairman, members of the committee, ladies and 
gentlemen, I would like, in a short time, to consider the question of 
one somatic effect of radiation, leukemia, and direct my remarks spe- 
cifically to that, and particularly the present knowledge, latest find- 
ings, attempts to use the experimental animal to answer some of the 
questions which have been raised this morning. I would like also to 
submit for the subeommittee’s attention a manuscript which I have 
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N.R.C., 1952-54: American Cancer Society, member, panel on chemotherapy: member, 
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American Association Cancer Research; New York Academy Seience: Philosophy Society, 
Washington: American Society of Experimental Pathology ; Society Experimental Biology 
and Medicine; Institute Biological Science: oncology. factors affecting development of 
leukemia and mammary cancer ; genetics of the mouse; hematology. 
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written on “Radiation Carcinogenesis” which attempts to bring the 
present knowledge fairly well up to date in this field. 

+ herman Houirtevp. It will be accepted. 

(The statement referred to appears on p. 1437.) 

Dr. Law. Let me say at the outset that I recognize that some so- 
matic effects, particularly the neoplasms, do not. represent the major 
hazard of radiation and araenty not the major somatic hazard, 
genetic material and reproduction function probably being much 
more sensitive. I would rather not, since the statement I have is 
rather lengthy, and the time is running on, to read it. I would 
rather cover a few points of the statement. 

Representative Hoxirietp. There are only 744 pages. I think this 
is important. Why don’t you read this, Doctor? 

Dr. Law. I have something like 17 pages in the statement. 

Representative Horirietp. Then you may summarize. I had a 
different set of testimony here. 

Dr. Law. Before I summarize, may I give a small amount of back- 
ground? I would like to say first of all just a word about the con- 
cept of linearity of response and no threshold which has been refer- 
red to here and has been used by certain individuals as a concept of 
the effects of radiation in the induction of leukemia in man, for 
example. 

The two sets of data from which this concept has been derived are 
those of the Japanese bombings, and those of Court-Brown in the 
treatment of ankylosing spondylitics with fairly large doses of par- 
tial-body radiation to the spine and the surrounding tissues. This is 
a concept which, of course, suggests that over the dosage of radiation 
met with in ordinary civilian life, the dose-response relationship is a 
simple proportional one as outlined by Dr. Brues, analogous to that for 
the induction of mutations. If this were finally shown to be the case, 
two deductions would become valid: One, a proportion of naturally 
occurring cases of leukemia are probably due to natural background 
radiation and secondly, any increase in background radiation from 
artificial sources will be accentuated with an increase in mortality 
from leukemia. 

This is a working concept. I have pointed out in the statement 
some of the objections which have been raised to accepting this con- 
cept. I think probably one of the major objections is that the data 
so far presented are data in progress. As far as I know, there is not 
much indication that the frequency of leukemia among Japanese sur- 
vivors is falling or that a plateau is being reached at the present time. 

Ten years from now or after all the Japanese survivors have died, 
the situation concerning frequency and distance from the bomb, may 
be quite different than they are at the present time. There are also 
some very serious statistical objections to this type of retrospective 
study. These have been detailed by Dr. A. W. Kimball of the Oak 
Ridge Laboratories and should be submitted for the record. 

So although this is a concept and a good concept, it should be 
accepted knowing the scientific limitations of it. This being the case 
one may then turn to the probable use or possible use of the experi- 
mental animal in attempting to answer some of the questions concern- 
ing dose-response relationships, mechanisms of carcinogenesis, means 
of interfering with or protecting against radiation and so forth. Such 
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experiments can be designed and executed in the experimental animal. 

I wish to point out that the question of extrapolation or the assess- 
ment of the consequences of radiation in the mouse has been questioned 
as to whether the data so obtained can be extrapolated or assessed m 
terms of human action. This certainly has not been answered by 
scientific experimentation as far as the somatic effects of cancer are 
concerned. 

Representative Houirtetp. Is it impossible to extrapolate accurately 
because of the long life span of man and the lack of time to do a study 
of generations of a species? 

Dr. Law. That is right. I just point out that this certainly is not a 
good scientific basis but one has to extrapolate. 

Representative Houirrevp. Is it also true that the mouse being a 
mammal that there is a certain similarity which has been estimated 
about a 25-percent difference on other types of experiments? 

Dr. Law. That is correct. 

Representative Hoiirretp. A mouse has also the same response to 
one hundred roentgens or a man would show to 75 roentgens, or is it 
the other way ? 

Dr. Law. I am not certain that there is scientific evidence to extra- 
polate even from these figures. 

Representative Houiriecp. Within 25 percent. You would doubt 
that there is scientific evidence to support a 25 percent differential in 
effect ? 

Dr. Law. I would doubt at the present time that there is much 
scientific evidence to allow such an extrapolation. I probably will 
answer that asI goalong. There is a striking similarity, morphologi- 
cally and biologically of the leukemias in mouse and man. If one 
looks at the Sixth International Revision of the causes of death as to 
the classification of leukemias and lymphomas, almost every neo- 
plasm found in man is found in the mouse. Chronic and acute lym- 
phocytic and granulocytic leukemia, Hodgkins’ disease, and so on. 
The point I should like to make here is that there is some information 
from some of the recent experimental work that the leukemias and 
lymphomas probably represent separate diseases and should be con- 
sidered as separate diseases. They certainly are in their response to 
radiation or in their response to therapeutic agents. Morphologically 
they are distinct neoplasms. They are found in man and in the mouse 
and probably should be considered as separate diseases. Not leukemia 
in general, in other words. 

I think perhaps there have been some unwise extrapolations in the 
past in statements that such a thing happens in mouse leukemia, there- 
fore perhaps we can extrapolate this to man without reference to the 
type of leukemia in mouse or man. 

Representative Hotirrep. On the other hand, you would not disre- 
gard an experiment such as Dr. Russell made on the 5,000 mice. You 
certainly cannot disregard the radioactive effect upon the generation 
that follows. As I remember, he exposed 5,000 mice to a 100 roentgen 
shot, and then traced the effects of it through 100,000 descendants. 
Your statement does not mean that such an experiment is lacking in 
significance to genetic study and there is some possibility of extrapola- 
tion from those effects to man. 
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Dr. Law. Absolutely not. The point I am making is that you can 
extrapolate, yes. 

Representative Honirieip. The point you make is that it is not now 
enough of a science to pin it down acurately in percentages, is that 
right ? 

Dr. Law. Yes. I feel there probably is not enough information 
even from the experimental animal to pin this down from a mouse to 
aman basis. I think it could be done. 

Representative HourFievp. Is it true that it has a significance in cer- 
tain areas? I would not say 1 percent, but there certainly should be 
some area of comparison which would be significant. 

Dr. Law. Yes. The point lam making is that the area is significant 
from the fact that these diseases occur in man and the mouse and from 
the fact that the radiation effects in the induction of certain neo- 
plasms are similar in mouse and man. 

Representative Dunnam. There is tissue in rats and there is tis- 
sue in man. There is similarity of tissue which you are dealing with 
primarily. 

Dr. Law. That is correct, the lymph nodes, bone marrow, spleen, 
and other blood forming tissues. Functionally and morphologically 
they are very much alike, those having to do with the leukemia and 
lymphomas. 

There have been reported numerous data in the literature concern- 
ing animal experimentation in the use of mice and rats in the study 
of mechanisms of leukemia induction. Most of these, however, were 
designed for a maximum response in the animal. That is, the re- 
sponse of 5 to 100 percent of neoplasms; whereas few studies have 
been set up or designed to answer the problems in the clinically im- 
portant range, which probably is at the 0.5 point to the 1 percent range 
of response. 

Representative Hoiirrevp. The point you are making there is that 
the intensity of the radiation to which these mice were exposed was 
100 roentgens, and they had to make it that high in order to get 
meaningful statistical data in the 100,000 descendants, is that right? 

Dr. Law. That is correct, 100 roentgens or more. 

Representative Ho.trreLp. This does not mean that there could not 
have been used a lesser dose, and you could have obtained observable 
damage on the descendants, does it ! 

Dr. Law. Iam talking about leukemia now in the individual. I am 
coming to that in a little while, the matter of lower dosage rate and 
chronic radiation. What I am saying is that the experimental ap- 
proach over the years has been that not particularly designed to an- 
swer the questions which concern us at the moment. That is, the 
question of dose response or threshold, influence of dose rate, and so 
forth. 

Representative Ho.irietp. Because experiments have been carried 
on a higher level of radiation exposure ? 

Dr. Law. Yes. They were designed for other purposes. 

Representative Hotirietp. Than your natural radiation background 
exposure plus your bomb test addition ? 

Dr. Law. That is correct. The evidence which may answer some 
of the questions posed this morning, and in the 1957 hearings, are 
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certainly experiments which are rather recent. 
of the results. 

Recognizing, therefore, that there are different diseases which make 
up what we call leukemia and lymphomas, it is evident from the newer 
data which are now being published that the response to radiation may 
be quite different for the development of myeloid leukemia in com- 
parison with lymphoid leukemia or reticulum cell sarcoma or chronic 
compared with acute leukemia. I have mentioned here only a few 
pertinent facts which relate to this problem. These are from differ- 
ent experiments which are documented in the manuscript and given 
at some length in the statement. 

For example, if radiation is fractionated or protracted, there is a 
difference in the induction of myeloid or lymphoid leukemia. If one 
fractionates, for example, the tendency is to develop ]lvmphoid leu- 
kemia. If one does not fractionate using the same total dose, even itt 
the same strain of mouse, the tendency is to develop myeloid leukemia. 

As far as lymphocytic leukemia is concerned, and these data are ob- 
tained from several different strains of mice, one probably has to 
reach a fairly high level of total radiation 150 r to 500 r, fractionated 
or single, before there is an increased frequency in lymphocytic 
neoplasms. On the other hand, this total dose which one has to reach 
is strikingly lower if one considers the response in the development of 
myeloid leukemia. As a matter of fact, there is some evidence that 
it is less than 100 r for myeloid leukemia total body radiation and for 
lymphoid leukemia it is in the neighborhood of 150 or as high as 500 r 
before a response in the induction of lymphocytic leukemia is shown. 

There is some evidence from the Oak Ridge Laboratories that 
radiation as low as 16 or 32 r influenced the Prequil’ of myeloid 
leukemia in mice. I point this out only to show that there is quite 
a difference between the response to develop myeloid and the response 
to develop lymphoid leukemia. 

In one particular neoplasm in the mouse, called a Hodgkinslike 
neoplasm, which resembles morphologically Hodgkins disease in man, 
gamma radiation was actually shown to decrease the incidence of the 
disease. Radiation was from an atomic detonation. The incidence 
of Hodgkins disease was 40 percent in the control mice and at 500 r, 
it was near zero percent. This is a different response to radiation 
from the lymphoid and myeloid leukemias. 

Just one more point in regard to this. There are differences in age 
sensitivity. For example, if one radiates mice in the early neonatal 
period. one is able to produce lymphoid leukemias, whereas myeloid 
leukemias do not usually appear. Contrariwise, if the radiation is 
doue ice in Lite, at 6 montus of age, myeloid leukemias appear and 
the frequency is increased, and there is very little effect on the induc- 
tion of lymphoid leukemias. 

The point I am making is that these are separate diseases. We 
know that there are in certain cases probably different etiologies of 
these diseases, and that in considering background radiation or other 
types of radiation as an inductive agent we ought to keep in mind 
the differences in the different diseases. 

I would like to say just a word or two concerning the recent work 
relating to chronic dietion: that is, radiation which has been given 
over the lifetime of the animal and what this means in terms of in- 


I hope to detail some 
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creasing frequency or of decreasing the time at which the animals die 
of leukemia, that is, influencing the latent period. 

In the early days of the Manhattan Project, Lorenz was one of the 
first to use gamma radiation from a radium source, and indicated 
that there was some influence in the induction of leukemia with dos- 
ages as low as 0.11 r per day. That is a fairly high total dose, but 
given chronically. 

Recently the British group at Harwell have used fast neutrons in 
irradiation of mice at certain levels, the lowest being .54 rad per 
week. In these experiments, although there was a striking influence 
on reproductive function at the .64 rad level per week, there was no 
influence on the induction of leukemia in these mice in any of the 
forms which I have mentioned. 

The work at Argonne, which has been published recently relating 
to the chronic effects of strontium 90 given intravenously in mice 
has been reported as well as the influence of other alpha and beta 
emitters. Details of the work were given concerning principally 
strontium 90. I think it is interesting that a dosage of 8.9 micro- 
curies per kilogram given intravenously, which is a fairly high dosage 
level, did not influence the frequency of leukemia in the mice, although 
there was some influence on the time at which the leukemias appeared. 
This is a dose at which no influence on life or no influence on the induc- 
tion of bone sarcoma was observed. There was not observed an 
increased frequency of any of the different forms of leukemia. They 
did appear earlier and kill the animals earlier. At dosage levels below 
8.9, there were two levels which were used, there was no observable 
influence on either the latent period or the induction of leukemia. 

Representative Hoiir1eLp. That is using 9 roentgens. 

Dr. Law. Nine microcuries per kilogram of mouse was the dose 
used. This I think turned out to be in the neighborhood of 1 micro- 
curie retained during the lifetime figured at 600 days. 

Representative DurHam. What was the life span ? 

Dr. Law. The life span was 600 days. That was the mean life span. 
So it was quite a long period of chronic radiation. These are the 
recent data which concern chronic radiation. I would like to point 
out that they are extremely limited. The limitations have to do with 
age. The radiation was begun at a certain age. They are extremely 
limited as far as strain of mouse is concerned. For example, strontium 
90 may have indeed increased the frequency of leukemia if one had 
chosen another strain of mouse. There are other variables which we 
know something about, which were not investigated. I would like 
to consider only one, and this is the possibility of the action of co- 
carcinogens during chronic radiation. 

Representative Hotirretp. What do you mean by that word? 

Dr. Law. I will attempt to explain it now, if I may. It has been 
shown in certain experimental situations in the induction of cancer 
that if one uses a compound which may in itself not be carcinogenic— 
that is, does not of itself produce cancer or leukemia—if given along 
with radiation or with a carcinogen like coal tar, will actually increase 
the frequency with which the neoplasms appear. It is said to be 
cocarcinogenic. 

In the case of radiation there are several of these agents. For ex- 
ample, a compound which is called urethane is known to influence 
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strikingly the X-ray induction of leukemia in mice when given along 
with X-rays and at total levels of radiation which of themselves are 
only slightly carcinogenic. 

If one looks now to some of the evidence which is available in the 
range of diagnostic X-radiation, that of a few roentgens, there are 
few data to indicate the effectiveness of these levels. I have men- 
tioned that there is some indication of myeloid leukemia resulting from 
as little as 16 or 32 rads of radiation. I think this should be reinvesti- 
gated under the same conditions of strain, age, radiation factors, and 
so forth. There is some evidence in the induction of ovarian tumors 
of mice or mammary tumors in the rat, that dosages as low as 32 r or 
25 r are carcinogenic, increasing the frequency of these diseases, and 
in the case of ovarian tumors, initiating an entirely new neoplasm. 
Although these effects are probably not direct effects of radiation, they 
are hormone-mediated in the case of both of these tissues which are 
hormone dependent, I think it is interesting that in given situations 
there are isolated examples of carcinogenesis or production of leu- 
kemia at low dose rates. 

There is also some evidence that P**—phosphorus 32—is extremely 
carcinogenic in certain strains of rats in the production of bone 
tumors and carcinomas of the skin and at doses one-half that which 
are used in man for therapeutic purposes. 

One other point which was mentioned earlier was the work of 
Stewart and colleagues in England concerning the possibility that 
X-radiation as low as 1 to 10 rads may be effective in the production 
of leukemia in man. Some people have considered these results as 
being equivocal, and they certainly should be repeated elsewhere. I 
think it certainly implies that we should look closely at the response 
to radiation of embryonic or fetal tissues or tissues of childhood. This 
is especially significant in view of the fact that the Russells have 
shown recently that developmental abnormalities appear with as little 
as 50 r X-radiation, or that there has been production of possible 
somatic mutations in mice with 100 r, and probably lower, if irradiated 
at the optimal time in utero. 

There has been some work done in our laboratory and some reported 
from Oak Ridge that following the radiation of mice of various 
strains in utero at particular times there has been no observable in- 
crease in the frequency of leukemia or in the decrease of the latent 
period. But here again there are limitations to the experiment so 
far and only a few strains have been used. There are limitations as 
to the amount and type of radiation. There are limitations as far as 
the time at which embryonic or fetal tissues were irradiated. It is the 
type of experimentation in which there are few data, and which cer- 
tainly should take our time and effort. 

Mr. Chairman, may I summarize what I have said so far and have 
listed in the statement concerning some tentative generalizations? I 
Wish to stress that these certainly are tentative, from the very little 
evidence that we to date have on the subject. I think there are trends 
in evidence which may exist 2 to 10 years from now or may completely 
change, depending upon further findings. Therefore, these should be 
interpreted in the light of these limitations. 

First of all, ionizing radiation induces leukemia. Chronic radia- 
tion is appreciably less effective than acute radiation in the induction 
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of these diseases. Strontium 90 deposited internally is relatively in- 
effective as a leukemogen but here again there are limitations as dis- 
cussed in the statement. Indirect effect of radiation has been estab- 
lished for the induction of thymic lymphocytic leukemia in the mouse, 
but not for other types of leukemia. So we don't know, for example, 
whether there is an indirect induction mechanism for myeloid leu- 
kemia. Dose response relationship, threshold, and the results of 
fractionation and protraction of radiation differ among the several 
types of leukemia. Present data, though imadequate, are consistent 
with the concept that there exists a threshold dose below which leu- 
kemia will not result from radiation. This threshold dose may be 
quite different for the different morphologic forms of leukemia. 

Again I would like to emphasize that these are trends and they are 
based upon relatively few data accumulated only over the last few 
years in most cases. 

Thank you very much. 

(Dr. Law’s formal statement follows together with a paper by 


A. W. Kimball, of Oak Ridge :) 
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A strikingly lerge number of publications have appeared in the 





literature since the “Hearings Before the Special Subcommittee on 





Radiation” in 1957. The recent Report of the United Nations Scientific 
Committee on the Effects of Atomic Radiation makes clear two things: 
(1) That our knowledge of the physical aspects of radiation exposure 
to which we are subjected and may continue to be subjected is far ahead of 
knowledge of the biological consequences of such exposure; and 
(2) That the attempts of the Committee at quantitative assessment of 
the hazards involved do not add greatly to the other national reports. 


It is sot that available chemical and biological data have not been 





sufficiently studied and analyzed but that progress must depend upon new data 





and the development of biological (basic) concepts. 
Although it is questionable that much new data have been published 


since 1957 that will lead to @ better understanding of the non-genetic 





effects of irradiation or will help to resolve some of the practical problems 


facing humanity, it is my intention to fit the newer data into existing 







knowledge concerning leukemis principally and where pertinent to the dis- 


cussion, to other neoplasms. 
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In restricting the discussion it is realized that leukemia and 


other neoplesms probably do not represent the major hazard of radiation. 


The available evidence suggests that the effects on genetic material and 


on reproductive function are extremely sensitive indicators of radiation 
damage. 

The causal relationship between leukemia in man and radiation from 
an external source is now an established fact as shown among ankylosing 
spondylitics receiving X-ray therapy and by retrospective studies of the 
survivors of the Japanese bombings. Two major problems, closely related, 
are: (a) what is the mechanism which produces leukemia? and (b) what 
is the relationship between dose of radiation and incidence? Does there 
exist @ threshold below which leukemia will not be induced? 

The only evidence concerning mechanisms of leukemogenesis in man 
is thet concerning the dose-response relationships among the Japanese 
and more accurately among those British patients given repeated 
exposures of X-rays to the spine and immediately surrounding areas. Both 
Lewis and Court-Brown favor the concept of linearity of dose-response and 
lack of a threshold in interpretations of these data. Serious objections 
to such 8 concept have been voiced. In regerd to the interpretation of 
leukemia among the Japanese survivors, some objections are as follows: 

(a) The doses received are extremely uncertain and it is felt 
that radiation dose cannot be inferred from distance alone. 

(b) It is suggested that there wes an overestimation of dose 
which could easily convert @ curvilinear response to a linear response. 

(c) In the sree where dosage wes estimated to be 125 rad or 
less, the increase in absolute numbers was only a relatively few cases 


and these sppesred to be limited to the nearest quartile of the eres. 
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(d) ‘etest evidence obtained through 1957 concerning leukemia in the 
Hiroshima survivors gives no indication of a decline in the incidence or that 
a plateau in the occurrence of leukemia has been reached. Thus, the likeli- 
hood must be considered that the final results, when the entire population 
has died, may indeed show different relationships that the present results 
would indicate. 

(e) There remain uncertainties regarding the population particularly 
at Hiroshima and of mivrations in and out of the city from 1950 to the present. 

The latest information published in 1958 concerning the findings among 
Japanese survivors lends support only to the previously reported qualitative 
findings of the Atomic Bomb Casualty Commission that “those survivors who 
received large doses of radiation, that is, who were within 1500 meters of 
the hypocenter - had a significantly higher incidence of leukemia than those 
beyond that distance, who received little or none”. 

Similar objections may be raised to the interpretations of 
Court-Brown. An adequate control group is not available. The suscepti- 
bility of this arthritic population to “spontaneous” leukemia is not known, 
whether it is increased or the same as the average. An increased sensitivity 
to radiation is a possibility. 

The considerable number of serious statistical errors that may be 
involved, particularly in the Lewis study have been discussed in detail and 
at length by Kimball. 

Emphasis has been placed on this aspect of the subject principally 
because of the fact that some scientists interpret the discussions, 
principally of Lewis and Court-Brown, that proof has been obtained that there 
is no threshold dose for the induction of leukemia in man by ionizing radia- 


tion and that therefore “it is possible to calculate - within narrow limits - 
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how many deaths from leukemia will result in any population from any increase 
in fallout or other sources of radiation". In the years 1957 and 1958, 
several estimates have been made, based upon the assumptions of Lewis, of 
the genetic and somatic effects to be expected from carbon-14 produced by 
the testing of atomic weapons. The predicted somatic effects, including 
leukemia in man are estimated to be about equal to those from the fallout 
fission products, including strontium-90. 

Caution should be therefore exercised in attempting to interpret 
the Japanese data, or those from other sources involving man, to mean that 
the data are consistent with a linear response and no threshold. 

In the consideration of background radiation possibly being an 
important leukemogenic agent in man and contributing to a steadily 
increasing mortality from leukemia the interesting study published in 1958 
by Gilliam and Walter concerning the trends of mortality from leukemia in 
the U. S. is mentioned. These studies indicate a perceptible decline 
since 1940 in the rate of increase in these diseases, a trend which if it 
persists will eventually stabilize or result in actual decline. According 
to the authors “..... the trends presently evident provide no support 
whatsoever for a theory which postulates a sharp increase within the last 
15 years in leukemogenic factors affecting the environment of Americans in 
general”. 

The design and execution of experiments capable of providing 
critical information concerning dose-response relationships, mechanisms of 
radiation carcinogenesis, means of interfering with or protecting against 
radiation, etc., can best be accomplished with experimental animals and 


some basic information has already been obtained. 
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The question of the justification of extrapolation from one species 
to another and particularly to man has not been answered by scientific 
experimentation. Extrapolations must be made and it appears wise to 
make them from a species in which meaningful data may be obtained. 

The striking histologic similarity of neoplasms of the blood and 
blood-forming organs (leukemia) of the mouse and of man is a matter of 
record. Those diseases in man classified by the “Committee for Clarifica- 
tion of Nomenclature of Cells and Diseases of the Blood and Blood-Forming 
Organs” have their counterparts in the laboratory mouse, and represent 
chronic and acute forms of neoplasms of lymphocytes, granulocytes, 
monocytes, plasma cells, etc. Emphasis is placed here on the variety o* 
such neoplasms encountered in the mouse occurring “spontaneously” or 
following the use of carcinogens, including radiation. Much of the early 
information relating to the role of radiation in these diseases refers 
only to “mouse Teukemia” and as discussed later, many of the inferences 
and generalizations drawn from these data may be incorrect or misleading. 
It is emphasized that each type of leukemia should be considered as a 
specific disease. There is considerable evidence to indicate they have 
different etiologies. 

Certain generalizations may be stated concerning the relationship 
of radiation to “leukemis” in experimental animals, particularly the 
mouse: 


(a) All types of radiation so far investigated have been shown 


to be leukemogenic. These include X-rays, Y-rays, some 4 -and Bs ~-emitters 


and fast and slow neutrons. The initiation of the leukemogenic train of 
events follows an instantaneous atomic detonation or to a lesser degree 


long-continued chronic irradiation. 
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(b) Striking differences in the response of various inbred strains 
of mice probably are the result of genetic differences. Nearly all mice of 
some strains (e.g. CS7BL) develop leukemia providing the proper conditions 
are met of total dose of irradiation, proper fractionation, sensitive age, 
etc. On the other hand several inbred strains of mice are strikingly re- 
sistant to irradiation e.g. the C3H strain. 

(c) A common form of leukemia of the mouse is a lymphocytic neoplasm 
that originates in the thymus; this also is commonly encountered following 
acute X-ray exposures. 

(1) Induction of this neoplasm by X-radiation represents an example 
of an indirect mechanism similar to the induction of ovarian tumors, pituitary 
tumors and probably certain other neoplasms of endocrine or endocrine-dependent 
tissues in mice. The target tissue in thymic leukemia need not be irradiated 
but if grafted into an animal which has received whole-body X-radiation, 
responds by transformation to a neoplasm. 

(2) Thymic leukemias have an early latent period, making their 
appearance at from 50 to 100 days after irradiation. 

(3) Protection by lead-shielding of a part of the hematopoietic 
system or the intravenous introduction of bone marrow after irradiation almost 
completely prevents leukemis. 

(4) Information obtained from at least 3 strains of mice, RF, CS7BL 
and CBA is consistent with the hypothesis that there exists a threshold dose 
from 150r to 300r depending upon strain, below which these neoplasms do not 
occur. 

(S) By increasing the total dose of X-rays, the yield of thymic 
leukemia is increased. In contrast the dose-response curves for generalized 


lymphocytic leukemia, granulocytic leukemia and reticulum cell sarcoma are 
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unpredictable. The incidence of disease may increase steadily throughout 
life, reach a peak and decline or, there may be no influence on the in- 
cidence of the disease, depending upon the strain of mouse used. A “damping” 
effect probably representing doses above the optimal carcinogenic level has 
been observed for neoplasms of blood and blood-forming tissues other than 
those of thymic origin. This “damping” effect is a rather common finding 

for other neoplasms such as thyroid tumors and osteosarcomas. 

(6) Within the past few years a concept has been introduced relating 
X-radiation to the “unmasking” or activation of a “latent” virus. These 
findings are interesting but it should be emphasized that they are preliminary 
and only suggest the possibility of intervention of a virus in thymic lympho- 
cytic neoplasms of the mouse. 

Rather specific details have been given concerning our present knowledge 
of radiation and lymphocytic neoplasms of thymic origin in the mouse principelly 
because these data have been used by some in attempts to extrapolate to man. 
These neoplasms are probably special and unique to the mouse and provide a 
model for academic pursuits relating to etiology and pathogenesis. At the 
moment, however, caution should be used in attempts to extrapolate this in- 
formation to practical problems in man concerned with fallout as a radiation 
hazard. 

Other recent data are available concerning the pathologic effects of 
the Atomic Detonation, Operation Greenhouse. Genetically uniform LAF; mice 


were exposed at varying distances from the hypocenter of the detonation. In 


terms of the effects of Y-radiation there are certain findings of interest: 


(a) Thymic lymphocytic neoplasms occurred earliest and frequency 
increased with dose, to the highest level 749 r. The total incidence was 


surprisingly low, less than 10%. 
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(b) Little, if any, effect was seen on the frequency or latent period 
of granulocytic leukemia. 

(c) Interestingly, a striking reduction in frequency occurred, 
related to total dose, of a neoplastic condition normally encountered in these 
mice resembling Hodgkins’ Granuloma of man. 

(4) Many neoplasms were observed in these studies not seen previously 
and stated not to have been previously observed after X-radiation. 

(e) The frequency of certain neoplasms was not influenced by radiation 
but had a shortened latent period. This may indicate a different mechanism 
of carcinogenesis from that observed in which an increased frequency is 
observed. Certain neoplasms, particularly those of lung tissue and mammary 
tissue (sarcoma) were less frequent following these conditions of radiation; 
whereas earlier studies with LAF, mice indicated an inducing influence of 
relatively low levels of chronic Y -radiation. 

Recent evidence presented by Upton and colleagues points up the 
desirability of analyzing the inductive effects of radiation, dose-response 
relationships, etc., on the basis of morphologic forms of the disease and 
not on a classification which lumps all “leukemic” diseases together as a 
unitary group. In studies of X-radiation in RF mice it is clear that the 
factors that influence the induction of lymphoid leukemia (lymphocytic 
neoplasms) are quite different from those influencing the induction of myeloid 
leukemia (granulocytic neoplasms). 

(a) The incidence of myeloid leukemia was significantly 
elevated by exposures to 150 r but the incidence of lymphoid leukemia wes not 
influenced. Previous studies from the Oak Ridge National Laboratory had 
indicated the possibility of an increased frequency of myeloid leukemia 


following exposures to levels as low as 16 rem. 
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Dose response curves obtained from 150 r to 450 r differed considerably 
for the lymphoid and myeloid forms of leukemia. 

(b) Fractionation of a 450 r dose significantly affected the induction 
of lymphoid but not myeloid leukemia. 

(c) Removal of thymic tissue, prior to irradiation, prevented the 
development of lymphoid (thymic) but did not influence the incidence of 
nyeloid leukemia. On the other hand splenectomy influenced the X-ray induc- 
tion only of myeloid leukemia. 

(d) Mice irradiated during neonatal life did not develop myeloid 
leukemia despite an observed susceptibility to development of thymic 
lymphomas. Irradiation, however, at 6 months of age revealed induction of 
myeloid but not lymphoid leukemia. This difference in susceptibility of RF 
mice to radioleukemogenesis in relation to age at the time of irradiation is 
borne out by additional studies by Upton. It is to be noted that the avaii- 
able data for man show acute lymphoid leukemia predominating in irradiated 
children and acute and chronic myeloid leukemia in irradiated adults. 

(e) Sex differences were noted in the expression of these two X-ray 
induced neoplasms. 

These results indicate how easy it is to reach erroneous conclusions 
about latent period, dose-response curves, threshold dose, etc., when 
attention is directed to one morphologic form of leukemia or when all forms 
are considered together as a unitary disease. 

Some interesting data on the late effects of internally deposited 
radioisotopes in CF 1 mice have been published recently from the Argonne 


National Laboratory. The toxicologic and carcinogenic properties of six 


dq - or B -emitters, Ra--°, pu-??, y233, po~l0 sr? and ca4® were investi- 


gated. It is stated that all of these isotopes, injected intravenously as 
the soluble material, influenced the expression of neoplasms arising in 
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the lymph nodes, thymus, spleen and bone marrow. 

Only results with sr” sre given in detail. CF 1 mice normally 
exhibit a fairly high spontaneous incidence of diseases of the blood-forming 
organs (leukemia). The surprising results of these studies concerned the 
total incidence of leukemia which was not markedly influenced by any of the 
radioisotopes. However, if the leukemia rate for each dosage group (from 
1.3 pe/g to 200 pc/yg) is plotted against days after injection, and com- 
parisons made of these groups of the times required to reach a 20% incidence, 
there was observed a statistically significant decrease in latent period 
between those mice receiving 8.9 ¥/kg or more and the control mice. At the 
two lowest doses (4.5 and 1.3 pe/kg) there was stated to be a slight but 
statistically insignificant decrease in latent period. 


A most interesting aspect of these studies was the lack of influence 


on longevity and on osteogenic sarcoma induction of the 8.9 po/\, dose, which | 


was effective in decreasing the latent period of leukemia. These neoplasms 
of the blood-forming organs are therefore very sensitive indicators, by the 
parameter used, for response to irradiation. 

Classification was made by Finkel or the morphologic forms of neoplasms 
of the blood-forming organs observed in these studies: lymphocytic, granulo- 
cytic, plesma cell and type A and B reticulum cell sarcomas. Type-specific 
mortality rates revealed a more striking decrease i: latent period of sr™ 
on lymphocytic and plasma cell neoplasms, and little or no effect on the other 
neoplastic cell types. 

In examining these data for evidence of linearity and threshold it is 


observed that for three of the high dose levels used, the response is linear 


with dose; the two lower levels, however, below &.9 on. are far removed 
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from an extension of this straight line. It wasconcluded that these data do 
not support the concept that the carcinogenic effect increases linearly with 
dose and has no threshold. 

It should be pointed out that the parameter used wes not induction of 
leukemia by sr, but decrease in latent period and that a larger range of 
doses in the relatively untested area, below 8.9 pe/kg should be evaluated. 

The low leukemogenic potential of sr™” in the Argonne studies discussed 
above is of interest. In contrast, X-rays, chronic Y -radiation, fast neutrons 
and P22 have resulted in increased frequency, lowering of latent period, or 
appearance of some types of leukemia not ordinarily observed to occur spon- 
teneously. 

A high carcinogenic potential on the other hand was observed in the 
Argonne studies for malignant bone tumors for most of the radioisotopes 
studied, plutonium -239 being the most potent. 

It would appear premature from these limited data, concerning the 
influence of sr? on the appearance of leukemia in CF 1 mice to predict the 
consequences in man of the currently accepted maximum permissible levels of 
sr from fallout, as has been attempted. Evidence which is documented in 
the literature some of which is discussed in this statement shows that profound 
differences in response to radiation are attributable to sex, strain, species, 
age, etc. It is quite probable that the choice of another strain of mouse 
may have led to a totally different response. The interesting observations 
of several investigators concerning the potentiating effects of radiation and 
other agents has received little attention but should be given serious considera- 
tion particularly in studies of chronic exposure to radiation given over long 


periods of time. The compound, urethane, for example is known to enhance 


strikingly the induction of generalized lymphocytic leukemia at levels of whole 
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body radiation which only slightly influences the frequency of this disease, 
The action of radiation may be thought of in terms of ionization, of 
free radicals, of target theory or of genetic change. Recent attention has 
been directed toward the influence of dose-rate (intensity) as it influences 
the induction of leukemia in the hope that this information may allow @ 
decision about the hypothesis that these diseases are induced through the 
production of point (gene) mutations. Certain basic criteria should be 
fulfilled by analogy with radiation-induced mutations in Drosophila: absence 
of a threshold, linearity of dose and response and independence of changes 


in the cellular environment such that radiation intensity, the rate at 


which radiation is delivered, does not influence the mutation rate. Preliminar 


information concerning the response of CS7BL mice to dose rates of Y -radiation 


from 1.3 to 81 r/hoyr indicates a dependence for expression of thymic lymph- 
omas on dose-rate. The conclusion drawn that “somatic mutation if it occurs 
is of subsidiary importance to some factor dependent on dose-rate” may be 
correct but applies only to the induction of thymic leukemia in the mouse, a 
neoplastic form known to result from indirect effects of radiation and for 
which some evidence exists of a threshold dose of radiation below which there 
appears to be no response. A pertinent question concerns the influence of 
intensity of radiation on the induction of other leukemias in experimental 
animals which probably do not represent a special and unique case. 

The recent findings of Russell concerning mutation frequency in the 
mouse are of interest in this connection. A much lower specific locus 
mutation rate was obtained from chronic Y -radiation than from acute 
X-radiation when spermatygoria, in contrast to spermatozoa, were irradiated. 


The mechanisms responsible for the dose-rate dependence of mutations in 


metabolically active spermatogonia should be.of extreme interest to those 
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investigators concerned with radiation carcinogenesis. These results reported 
by Russell raise the question of how meaningful dose-intensity data are when 
discussed in terms of somatic effects without more precise knowledge of 
recovery mechanisms, mutual interaction of cells, selection, cell death, and 
other variables in the immediate celluler environment. 

Profound differences in the leukemogenic response of mice to chronic 
Y-radiation as opposed to acute radiation are known. A most recent com- 
parative study in RF mice reveals that continuous Y -radiation from a cobalt 
source (1 rad/day) did not induce leukemia nor shorten life, whereas the same 
median accumulated dose (#500 rad) given in a single, brief exposure wes 
highly leukemogenic and greatly reduced the life span. 

The results of continuous exposure in a nuclear react.r of CBA mice 
have been described recently by investigators at the Radiobiological 
Research Unit at Harwell, England. The effect of 0.54 rads/yee, of fast 
neutrons was imperceptible. The higher dose of 6.5 reds/week, although 
markedly damaging reproductive function, did not increase the frequency of 
leukemia, nor influence the latent period. A limited period of daily 
X-radiation was previously found to strikingly increase the incidence of 
leukemia in these mice. 

A differential effect of chronic radiation from an external source on 
the induction of leukemia would therefore seem to be established from these 
and earlier studies. A similar differential effect has not been found, 
however, for other neoplasms which may be encountered. 

The earlier report of an influence of chronic Y-radiation from a 
radium source on the production of leukemia in another strain of mouse with 


levels as low as 0,.}1 T/ day indicates that genetic composition of the mouse 


may be an important variable. 








1434 FALLOUT FROM NUCLEAR WEAPONS TESTS 


The chronic effects of exposure of man or of other mammals to total 
rediation of a few roentgens or less are not knowmm. The possible induction 
of myeloid leukemia in mice irradiated with doses as low as 16 and 32 rem 
sre suggestive. Ovarian tumors in certain strains of mice are produced with 
dose levels as low as SO r (and probably lower) and their induction is largely 
independent of dose rate. Mammary tumors in rats are accelerated with 25 r 
whole body X-radiation. The latter two, though resulting from hormonal im- 
belences, do suggest the possibility of neoplastic transformation at “low” 
levels of irradiation. pPS2 is highly carcinogenic in certain strains of rat, 
producing bone and skin neoplasms. Though the data are consistent with a 
sharp threshold it has been pointed out that one half of the carcinogenic 
dose approaches the average therapeutic dose for man of p32, all of 
these responses are probably strain - or species - specific, and are 
mentioned to indicate the probebility of response to low levels of radiation 
if certain conditions exist. 

An increase in leukemia and other forms of malignant disease has been 
reported in children irradiated in ptero, as @ result of abdominal radio- 
diagnostic examination during the motier's pregnancy. The dose of radiation 
may have been of the order of 1 to 10 rads. Although these results are 
equivocal and still need to be confirmed by other groups, they do indicate 
that some consideration should be given to the possible increased radio- 
sensitivity of embryonic and fetal tissues. A measurable incidence of 
developmental abnormalities has been observed following 50 r X-radiation of 
the mouse and presumed somatic mutations of coat color genes have been 


reported following irradiation of 10% day embryos; interestingly, it wes 


stated that the somatic mutation rate was of the seme order of magnitude 








as t 


RF 


stu 


Rid 


X-r 


chi 





stion 
rem 


| with 


largely 
25 r 
im. 


f rat, 


ic 


ition 


te 


FALLOUT FROM NUCLEAR WEAPONS TESTS 1435 


as the germinal rate. Irradiation of embryos of two inbred strains of mice, 
RF and CS7BL, has not resulted in the induction of leukemia, however, These 
studies are in progress in our laboratory and by Dr. Arthur Upton of the Sak 
Ridge National Laboratory. Both of these strains are known to have the 
potentiality to develop lymphocytic or granulocytic neoplasms following 
X-radiation in post-natal life. 

More attention is being given to methods of modification of acute and 
chronic effects of radiation. Chemical substances, unfortunately with a 
low therapeutic ratio, that is, the ratio between the lethal dose and the 
minimal dose affecting radiation damage, are known to reduce the killing 
power of large doses of radiation. Their precise action is unknown. Pre- 
liminary evidence from several sources indicates their ineffectiveness, 
however, in modifying the induction of leukemia in mice. Reduction of acute 
radiation mortality in the experimental animal by lead shielding of a part 
of the bone marrow, or spleen, or by injections after ra: «tion of bone 
marrow, or spleen cells, is now a familiar and fascinating story. It should 
be pointed out that the results achieved in the experimental animal were 
demonstrated under the best possible conditions and over a narrow range 
of variables. Nevertheless, the effectiveness of the introduction of bone 
marrow into heavily irradiated human subjects, those suffering from leukemia 
or those involved in radiation accidents is being studied. Preliminary 
results are indeed encouraging and provide a ray of hope for modification 
in man of radiation damage. 

In summary it may be stated that our present knowledge concerning 
radiation and leukemia in man and the experimental animal is probably 


inadequate to resolve the major problems set fort! i. the ' int Committee's 


Summary-Analysis of the 1957 hearings. 
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Nevertheless, certain tentative generalizations of interest may be 
made from laboratory studies: 

1. lIonizing radiations produce leukemia. 

2. Chronic radiation is appreciably less effective than acute radiation 
in the induction of these diseases. 

3. Strontium-90 deposited internally is relatively ineffective as 
a leukemogen, but relatively few data have been reported. 

4. An indirect effect of radiation has been established for the induc- 
tion of thymic leukemia but not for other types of leukemia. 

5. Dose-response relationships, threshold, age sensitivity and 
response to fractionation and protraction of radiation differ among the 
several types of leukemia. 

6. A dose-rate dependency is characteristic of the induction of thymic 
leukemia. 

7. Present data, though inadequate, are consistent with the concept 
that there exists a threshold dose below which leukemia will not result from 
radiation. 

There exist certain largely unexplored areas where little information 
is available. These include the influence of radiation on fetal and embryonic 


tissues, the role of co-carcinogens and environmental hazards in potentiating 





radiation effects, chemical and biologic modificetion of radiation carcinogenesi: 
and other somatic damage, the relative biologic effectiveness of types of irrav.: 


tion and dose-response relationships. These require our immediate efforts. 
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RADIATION CARCINOGENESIS 


Dr. Lloyd W. Law 
I, Introduction 

Two of the most important and well-established effects of radiation 
in animals are the induction of neoplasia and the production of changes in 
genetic materials. It is the purpose of this report to discuss, principally, 
the knowledge acquired to date, and particularly in the last few years, 
concerning radiation carcinogenesis. Where it applies to an understanding 
of carcinogenesis, knowledge and concepts will be discussed concerning 
radiation and genetic changes. No attempt will be made to cover the field 
in historical perspective, nor in detail. This has been done admirably in 
recent years by Brues (1951; 1954); Furth and Lorenz (1954), and others. 
It is proposed to discuss those findings which relate specifically to gaps in 
our knowledge, to point out some possible deficiencies in interpretation, 
and suggest what investigations may be feasible and worthwhile. 

Certain basic questions need be asked concerning radiation carcino- 
genesis which attempt to define the nature of radiation effects, of the 
neoplastic process itself and for the purpose of establishing permissible 
levels of exposure to radiation: 

1) What are the radiation doses necessary to initiate carcinogenesis, 
for example, in skin, bone and certain susceptible tissues? There appears 
to be an association between extremely high radiation doses and neoplasia 
for man. Do these doses really represent the doses necessary for initia- 


ting neoplasia? 
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2) What is the role of dose rate and of fractionation and protraction 
of radiation in the induction of neoplasia? 

3) What is the carcinogenic potentiality for doses of radiation in the 
range of, and under conditions analogous to, radiodiagnosis? 

4) What is the evidence for the direct and indirect carcinogenic 
effects of radiation? 

5) The latent period in radiation-induced neoplasia, especially in 
man, appears extremely long. What is the significance of this? 

6) In some instances, responses to radiation appear similar for 
many species of animal, in contrast to the species-specific response to 
chemical carcinogens and viruses. What is the significance of this? 

7) What is the evidence for a linear and non-threshold relationship 
between radiation dose and incidence of neoplasms? 

8) Is there evidence of modification of the response to radiation 


through other carcinogens, cocarcinogens and other factors? 
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Il, Radiation Carcinogenesis in Man 
1. Skin Neoplasms 

Although the histologic features of skin cancers are the same whether 
they occur spontaneously or result from radiation, there is a striking 
difference in the pathologic response. The preponderance of spontaneous 
carcinomas are of the basal cell type, whereas, those arising from a 
previously normal skin, receiving irradiation, are of the squamous-cell 
type. This difference, perhaps, is not of significance when it is considered 
that the radiation-induced carcinomas which do appear on the face and head 
are morphologically similar to the spontaneously occurring basal cell type, 
whereas the majority of X-ray neoplasms of the skin occur principally on 
chest, arms and hands. Spontaneous squamous cell carcinoma is more 
common in these regions, Skin sarcoma is said to be a rare sequel to 
radiation. Of interest is the indication of a shorter latent period to carcin- 
oma formation in cases of individuals with dermatoses given X-ray therapy. 

Though dermatitis, following chronic irradiation or erythema, 
desquamation and scars with ulceration following acute radiation, have been 
emphasized as changes preceding skin neoplasia, it is not known what, if 
any histologic or functional changes in skin predispose to carcinoma. It 
would appear extremely dangerous to assume that certain precancerous 
changes precede the development of malignancy, particularly at present 


with the reduced dosages employed in therapeutic procedures giving little 


direct evidence of the hazards of such procedures, 
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Extremely high doses of X-rays, probably in the range of 1000 r 
per year, have been recorded as being received by persons who later 
presented skin carcinomas. The question of a threshold dose has not been 
resolved for man. It is emphasized repeatedly, especially by Brues (1949) 
and by Evans (1951), that from human experience, total dosages in the 
order of 1000 to 10, 000 rep for a-radiation and of the same order for X- 
radiation and f-radiation are necessary to induce low incidences of neo- 
plasms, probably 10%, after prolonged latent periods of 15 years or more. 
The question of prolonged latency in adults receiving massive doses of 
radiation requires further study. Comparable situations are, in all proba- 
bility, found in the latent carcinomas of the prostate, gastrointestinal tract 
and lung in man and in dormancy of neoplasms, as seen in long-delayed 
recurrences and metastatic growths after apparently complete removal or 
destruction of such growths. 

The skin is relatively more resistant to the induction of neoplasia 
by irradiation than other tissues in man and in experimental animals. 


Radiation, which induces some neoplasms in short periods of time and 


following a single exposure, as discussed later, appeasharmless to the skin. 


Many of the studies of radiation carcinogenesis of the skin done in 
experimental animals relating to dosage rates, fractionation, induction 


time and other variables, have been at extremely high dosage levels (See 
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Glliicksmann, 1958), and the histogenesis of such neoplasms has been 
discussed in terms of injury, healing, regeneration and such sequellae. 
Yet, there are findings to suggest that relatively low levels of radiation are 
carcinogenic to the skin under certain conditions, such as peculiar suscep- 
tibility of strain, modification by cocarcinogens, etc. Some of the findings 


will be discussed later. 
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2. Neoplasms of Bone 
Data concerning the relationship of radiation to induction in man 
of bone tumors, chiefly osteogenic sarcomas, have been obtained from 
three sources: radium dial painters, patients who have been treated with 
radium salts for therapeutic purposes and patients receiving X-radiation 
of bones, particularly those with benign or inflammatory lesions, These 
data are unique in several respects. The radiation conditions were known 
and at least among the radium dial painters, the total population at risk 
was determined. Some quantitative determinations have been made but 
are incomplete. Radium burden has been determined in most of the subjects, 
but only recently has the relationship of the radium burden to time been 
taken into consideration and estimates made of the accumulated radiation 
dose (See Looney, 1958). Obviously, many deficiencies appear in the data 
and it is questionable how much reliance may be placed upon them to draw 
other than general conclusions. Recent autoradiographic studies made by 
Hindmarsh and Vaughan (1957) have shown areas of concentration in bone 
reaching 16 times the mean value. The changing radiation doses in 
tissues resulting from excretion and redistribution are unknown. The role 
is undetermined of the isotope mesothorium as a carcinogenic agent. The 


groups under study have been very heterogeneous as to age, sex, radium 


burden, etc. Certain findings of interest have been reported, and the most 
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recent by Looney (1958). Sarcomas of the bone have been found in 11 of 
the 78 patients evaluated in the recent Boston-Chicago studies; 7 sarcomas 
in 50 patients receiving radium and 4 sarcomas among the 28 dial painters. 
One patient with a low terminal body burden of 0.8 micrograms developed 
a bone neoplasm. Radium was given medically 24 years previously and 
it is estimated that the total accumulated dose from mesothorium was 
50 rads and from radium 1100 rads, a level at which some major skeletal 
damage in other patients was observed. Again, latent periods are long 
and although it is suggested that bone sarcomas arise from tissues which 
suffer severe disorganization from localized or systemic radiation damage, 
it is not known precisely that they arise only in such areas. The proba- 
bility must be considered that lower levels of radium concentration may 
induce neoplasms in the absence of roentgenographic change or major 
skeletal damage. The radiation doses calculated in radium dial painters 
and in radium-treated patients do not necessarily represent the doses 
necessary to initiate neoplasia. Furthermore, as pointed out by Looney, 
no information is available of the effects of radium in man retained over a 
lifetime, nor are there data available concerning the effects of radium 
introduced in childhood. The appearance of osteochondromas in irradiated 


infants (Simpson and Hempelman, 1957) for example, suggests the likeli- 


hood of an increased susceptibility in the lower age groups. 
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Many isolated cases, since the first report in 1922, have been 
reported of the appearance of bone tumors, following irradiation from 
an external source. In the collection of cases given adequate study, it is 
clear that the malignant condition has arisen pricipally in patients irradi- 
ated for benign conditions of the bone, such as ossifying fibrosis, bone 
cyst, and in cases where inflammatory processes may be expected. 
There is similar evidence from experimental animals, particularly in the 
induction of sarcomata, that the dose of radiation necessary for induction 
may be reduced by the presence of inflammation or infection in the irradi- 
ated tissue. In the most recent report on this subject, 17 patients presented 
bone sarcoma, 16 of these following irradiation for benign conditions 
(Sabanos, et al, 1956). It is possible that in certain cases, the malignant 
process was merely hastened by irradiation. The role of osteoblastic 
activity at the time of irradiation needs further attention. An interesting 
and convincing group of cases has been presented by Hatcher (1945) in 


which osteosarcomas were observed in patients given radiation for reasons 


other than benign conditions of bone. 
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3. Neoplasms of the Hemopoietic and Lymphoid Tissues 

Ample evidence is available from several sources that whole-body 
irradiation, or of irradiation of large volumes of blood-forming tissues 
alone, at fairly high dosage levels, leads to leukemia in man. Clinical 
evidence obtained from survivors of atomic explosions, from individuals 
irradiated for diagnostic or therapeutic purposes, and from a study of 
radiologists, strongly suggests an increase in the frequency of these 
neoplasms arising as a result of, or a possible result of radiation exposures. 
Although an attempt has been made recently by Lewis (1957) to develop 
quantitative estimates of the somatic effects of ionizing radiations in the 
induction or acceleration of leukemia in man, chiefly from data obtained 
from the above sources, it is clear, as shown in the following discussion, 
that the assumptions and extrapolations made, represent one way of treating 
the data, and probably the most pessimistic way. It is apparent, also, 
that certain investigators may be too optimistic, on the basis of present 
evidence, of the possible hazards to the individual of enviromental contam- 
ination and other radiation sources. 

American radiologists are said to be more prone to develop leukemia 
than other physicians, or other males of the same age group in the popu- 


lation. Yet, the conditions under which radiologists develop leukemia are 


most likely non-leukemogenic in experimental animals. Exposure of only 
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small parts of the body has occurred, non-uniformly, at relatively low, 
average-tissue doses. A mean dose of 2000 r, received over many 
years, has been calculated for radiologists (Evans, 1950). Here non- 
uniformity of exposure, and as pointed out by Brues (1958), the lack of 
data concerning distribution of individual doses make it unwise to use an 
estimated mean dose in discussions of linearity of dose response. However, 
the response among radiologists to radiation may be similar to the 
response observed in CF, mice to bone tumors, following introduction of 
-. Here small, divided doses of radiation appear to increase the 
response (Brues, 1949). 

The detailed and comprehensive studies of Court-Brown (1958) and 
Court-Brown & Doll (1956, 1957) reveal, without a doubt, that X-irradia- 
tion in man is leukemogenic, particularly for the acute forms of disease 
and for chronic myeloid leukemia. These studies show further that in 
patients suffering from ankylosing spondylitis, the leukemia rate increases 
with dose of radiation within the limits of radiation employed. It is. 
questionable that the data are sufficient to determine whether or not a 
threshold exists below which leukemia will not be induced since the mean 


doses to individuals have all been relatively high. 


In treating these data, retrospectively, to arrive at some relation- 


ship between radiation dose and induction of leukemia, Court-Brown and 
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Doll and Court-Brown have made certain assumptions. It was assumed 
that the probability of developing leukemia among radiated spondylitics 
was the same as for the general population of the same age and sex. 
Though Abbat & Lea (1956), found, in a limited group, no striking evidence 
of an increase in leukemia of non-irradiated spondylitic patients, this 
does not answer the question of differential susceptibilities of normals 
versus spondylitics to the leukemogenic effects of X-irradiation. It was 
also assumed that fractionation and protraction of irradiation did not 
influence leukemogenesis in these patients. Though, as mentioned pre- 
viously, the dose-response curve is true for spondylitics, it is question- 
able, as discussed by several authors, that the data are compatible with 
a linear relationship and with a no-threshold effect. As pointed out by 
Lamerton (1958), the tentative conclusions reached by these authors, as 
a working hypothesis, concerning the dose-response relationship is to a 
great extent implicit in their method of treating the data. A serious 
deficiency of data obtained in such a study is the lack of information on 
patients treated with lower doses of radiation. 

Several reports of the studies of leukemia among survivors of the 
atomic bombings of Hiroshima and Nagasaki indicate clearly the relation- 


ship between ionizing radiations and these diseases (Folley, et al. 1952; 


Lange, et al. 1954; Maloney & Kastenbaum, 1955). It is indicated that the 
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morphologic forms encountered are those found spontaneously and occur 
among the radiated populations in the same proportions, It appears safe 
to conclude, from the present available information, that those survivors 
who were within 1500 meters of the hypocenter, an area in which the mean 
dose has been estimated at 125 rad or above, had a significantly higher 
incidence of leukemia than those survivors beyond this distance. Attempts 
to establish a quantitative relationship between dose of radiation and the 
probability of developing leukemia among survivors are beset with many 
difficulties. If it is assumed that the data, to the present, are truly 
representative and may be corrected for migrations of the population, the 
dosimetry program now being conducted by the Atomic Bomb Casualty 
Commission, in which attempts are made to assign each survivor a dose 
of radiation, for neutrons and/or gamma rays, may be extremely 


valuable in estimating quantitative relations, These data will provide, 


also, a sufficient sample of the population at risk to determine incidence rates. 


There are many reasons to consider as premature any attempt to 
conclude linearity of dose-response, the non-existence of a threshold dose, 
and to define estimates of the probability of developing leukemia from the 
Japanese data: 1) there are many uncertainties concerning the estimation 


of dose (See Mole, 1958), 2) there has occurred only a small number of 


leukemias in the 1500-2000 meter zone, 3) the question of adequacy of 
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control data based upon national mortality, 4) and the incompleteness of 
the data. For example, there is no indication of a plateau being reached 
or of a diminishing incidence of leukemia among the survivors (See Wald, 
1958). The incidences of leukemia prevailing at present may be mislead- 
ing and indeed be quite different after all members of the population have died. 

The possibility of induction of leukemia at dosage levels in the 
diagnostic range has been introduced by Stewart and co-workers (1956). 
It was found in a survey of childhood leukemias conducted in England and 
Wales for the years 1953 through 1955, that the proportion of mothers 
receiving pre-natal abdominal radiographic examinations, principally 
pelvimitries, was greater in the case of leukemic children than in a group 
of non-leukemic children. The probability of developing leukemia and of 
other neoplasms, was approximately doubled in the first 10 years of life 
in those children whose mothers received diagnostic X-rays. Again, such 
retrospective studies raise many objections. The question of why radio- 
graphy was accomplished in gravid mothers is not answered, and may 
bear some causal relationship to leukemia in children. Are factors or 
circumstances other than radiation, for example the allergic status of 
the mother, likely to be responsible for similar findings if these factors 
or circumstances, rather than radiation, are considered as the variable 


in a study of such data? There is much than can be learned from studies 
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of similar neoplasms in experimental animals, but there appears to be 


little or no information relating to leukemogenesis in foetal and embryonic 


tissues of extremely low doses of radiation. 
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There is little information concerning possible differences in 
susceptibility of adult versus tissues of children to radiation. The increased 
incidence of thyroid neoplasms and adenomas and apparently of leukemias 
in children treated by X-rays for thymic enlargement are suggestive 
(Duffy & Fitzgerald, 1950; Simpson & Hempelman, 1957). As little as 
200 rads of X-rays to thyroid tissue is stated to be carcinogenic under 
these conditions. More recently, Wilson and co-workers (1958) have 
observed thyroid carcinomas in 6 patients who recéived radiation by 
radium or X-rays in infancy or childhood. The treatment was for cutan- 
eous lesions and as low a dose as 130 r was used. Adults, on the other 
hand, treated for hyperthyroidism with I)3! at dosages of 10, 000-15, 000 
rads have not, as yet, experienced thyroid neoplasms. ? Further, as 
pointed out by Doniach (1958), aside from the production of malignancy of 
thyroid tissue in children, following relatively small doses of radiation 
there appears to be no evidence of a TSH promoting action. This indeed 
is in contrast to the situation encountered in experimental animals where 
most radiation-induced neoplasms, following low doses of radiation, 


appear to depend upon hormonal influences. The striking increase of 


The absence in the literature of cases of thyroid carcinoma attributable 
to previous irradiation may be entirely misleading, as pointed out by 
Goolden (1958), since apparently a large-scale survey has not been done. 
Recently, however, there have appeared reports of 4 neoplasms of thyroid 
tissue in individuals treated for thyrotoxicosis, exophthalmic goitre, or 
tuberculous lymphadenitis (See Goolden, 1958). 
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osteochondromas in infants irradiated very early in life, in contrast to 

a difference in response of adults radiated for thyrotoxicosis, for example, 
points to a probable striking difference in response of adults and children 
to radiation, 

It is unfortunate that the Japanese data do not lend themselves to 
a study of the influence of radiation on the probability of developing 
leukemia in those individuals under 5 years of age, since these data, of 
all considered, could conceivably provide some evidence of the inducing 
capacity of low doses of radiation. 

Some of the recognized sources of error have been pointed out in 
the data available to date among the bombed Japanese populations. Recently, 
Kimball (1958), has reemphasized additional errors in interpretation in 
his discussion of the statistical reliability of existing data, particularly 
the Japanese data, relating ionizing radiation to human leukemia. 

The confidence of Lewis in his interpretations of the leukemogenic 
properties of radiation is more or less balanced by the confidence of 
others in assuming that the present data may be interpreted to show the 
lack of linearity in dose-response relationship and the existence of a 
threshold; when, in fact it would appear that the data are insufficient to 
justify any hypothesis concerning dose-response relations of any kind. 

The role of radiostzontiums in the induction of neoplasms of reticular 


tissues in man is unknown. Reports of the leukemogenic capacities of 
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sr°? and sr?° in mice and rats have been given in preliminary fashion, 


but the results are equivocal (Watanabe, 1955; Casarett, et al, 1958). 

In discussions of the relationship between spontaneous leukemia 
and natural background radiation, prompted in part by the suggested 
"formidable increase in leukemia in the United States in the past few 
decades," it is well to keep in mind the recent survey of Gilliam and 
Walter (1958). Their data concerning mortailty from leukemia in the 
United States, indicate an actual decline in the rate of increase; with 
indications of stabilization, in all age groups, except for those beyond 
75 years of age the decline is particularly evident in the lower age groups. 
It is stressed by Burnett (1958), that radiation is probably acquitted of any 
prominent role in the increase of leukemia in man, although he accepts 
present data as indicating that radiation is leukemogenic and that the dose- 
effect relation is linear and without threshold. The peak of incidence 
between 3 and 4 years for whites (Cooke, 1954; Hewitt, 1955; Walter & 
Gilliam, 1956), suggests to him the likelihood of a mutagenic stimulus 
active about the time of birth. He has recommended that a search be 
directed towards something associated with pregnancy or neonatal care which 
has become " progressively more available in the U. S., Australia and 
England since 1942..... and seems to be conspicuously absent in the 


American Negro's way of life.""§ However, more attention also should be 
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directed toward the question of whether the striking difference in the peak 
incidence between whites and non-whites is, in fact an artifact. Further, 
is the peak incidence at 3 and 4 years a new development or have better 
population data been available since 1940, the first date at which a 
reliable accentuation of this peak incidence is seen? 

Retrospective studies of samples of the human population receiving 
radiation appear to be one method of arriving at some of the pertinent 
answers required. Unless the errors involved in such studies are recog- 
nized and stringent attempts are made to avoid bias in prejudging the issue 
in choice, treatment or analyses of the data, these results will always be 
equivocal. It is clear that much may be learned from controlled studies 


using the experimental animal. 
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4. Other Neoplasms in Man 

Reports of radiation-induced neoplasms at other sites in man, apart 
from those already discussed, are indeed rare and not too convincing. A 
characteristic feature of all such neoplasms, said to be related to radiation 
of various types, is the exceedingly long latent period. Recently, of interest, 
are the observations of hemangioendotheliomas of the liver in those 
individuals receiving thorotrast, confirming the original report (Tesluk & 
Nordin, 1955; DaSilva Hurta, 1957). 

Lung cancer, chiefly squamous cell carcinoma, was recognized 
during the latter part of the last century as one of the major causes of 
death among the uranium miners of Schneeberg and Joachimstal. The 
annual mortality rates for the two populations was approximately 10 per 
1,000, Comparable populations of Vienna males showed a crude cancer 
mortality of 0. 34 per 1,000 in comparison. A nearly equal number of the 
miners died from silicosis and/or tuberculosis (Peller, 1939; Sikl, 1950). 
When it was recognized that a heavy load of radioactivity from radon and its 
daughter products was characteristic of the atmosphere in the mines of both 
locations, this was considered a possible cause of the lung neoplasms. 
Some idea of the population at risk in these communities, along with deter- 
minations of radon concentrations made this a most interesting model for 


study. From the numerous studies made of the radon content of the mine 


air, if 3x10” curies per liter is accepted, the total radiation dose on the 
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upper bronchial epithelium is estimated to be 600 rep, assuming 17 years 
as the average time to appearance of neoplasm. This provides no idea, 
however, of the effective dose for tumor induction if radon is to be 
implicated as the carcinogenic agent. A cause and effect relationship is 

by no means clear. The presence of arsenic, cobalt and other metals in 

the contaminating dust of those mines, leading one to suspect the possibil- 
ity of cocarcinogenesis, and a 50% incidence of silicosis and/or tubercu- 
losis of the mine workers are variables which must be considered. The 
negative findings in populations where a high radon content of the atmosphere 


is expected (Lorenz, 1944), make difficult a true assessment of the role 


of radon and its daughter products in the induction of carcinoma of the lung. 
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Ill, Neoplasms in Experimental Animals Following Radiation 

Much has been learned from animal experimentation concerning 
mechanisms of radiation carcinogenesis. Some of the meaningful informa- 
tion concerns profound species and even of strain differences in response 
to radiation, particularly where it is obvious that the response is of an 
indirect nature, the influence of ion density, of dose-response relations 
and of dosage rates for certain neoplasms, the influence of single versus 
divided doses, some indication of the relative biologic effectiveness (RBE) 
for various radiations, particularly for bone neoplasms and malignant 
lymphomas of mice, apparent differences in mechanisms involved as 
indicated by the contrasts in response of skin to ionizing and ultraviolet 
radiation and between chemical carcinogens and ionizing radiation. 

As pointed out, certain aspects of interpretations made from the 
best available data obtained from limited human populations, those with a 
high body burden of radium, survivors of the Hiroshima and Nagasaki 
bombings and those patients with ankylosing spondylitis treated with deep 
X-ray therapy, are equivocal. Despite the feeling of some investigators 
that the quantitative data obtained on animals cannot be directly applied to 
man and that the types of neoplasms in mice are not strictly comparable to 


those occurring in man, it is clear that the type of information needed is 


obtainable only from animal experimentation. 
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If it is desired to obtain a dose-response curve, for example, for 
the induction of neoplasms, three types of information are needed: the 
number exposed to irradiation, the number developing neoplasms, and the 
dose of irradiation. A large number of doses are needed before the rela- 
tionship may be established. Further, the response of neonatal tissues 
may be quite different from the response of tissues of adult animals, and 
it is reasonable to expect that other variables such as sex, strain and 
cocarcinogenic materials will provide clues to mechanisms. In the clini- 
cally important range described by Mole (1958), to be in the 0.05 to 1% 
range of effect for carcinogenesis, in contrast to the 5 to 100% range of 
effect provided by most experimental information, it is doubtful that infor - 
mation is yet at hand to be quantitatively usable. Even in the most extensive 


experiments reported to date on the production of bone neoplasms using 


9 


different dose levels of bone-seeking radioisotopes, and particularly sr® 


it is pointed out (Mole, 1958), that the shape of the dose-response curve 
may be determined where the incidence of bone neoplasms is 10% or more, 
but below this level the data are probably insufficient. At low dose rates 
the excess in neoplasms or other biologic measurements in the treated 
group over the controls would be small and extremely large numbers of 
animals would be desirable, depending upon the doses being studied and 


the incidence of neoplasms under consideration (Neary, et al, 1957). It is 
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obvious that controls must be stringent in such experiments and that a 
high degree of genetic homogeneity must exist among the population of 


animals being used. Selection of a strain of animals should be made 


which is vigorous and long-lived and in which there is relatively little 


natural variability in life span and in which the background level of spon- 
taneous neoplasms is not a complicating factor. Some of the difficulties 
inherent in such experiments and interpretations of results will be discussed. 

As will be seen from a discussion of some of the data from experi- 
mental animals, it is doubtful that for a given neoplasm in a given strain of 
animal the question of threshold, below which a neoplastic response occurs, 
or of the carcinogenic effects of dosage levels of the order of a few roentgens 
have been established beyond doubt. 

Much of the early work on radiation carcinogenesis in experimental 
animals attempted to duplicate and reproduce the conditions of the early 
radiologists and their patients. Repeated, small doses of radiation 
localized to various parts of the body were given over long periods of time. 
Following the first report of carcinogenesis by such procedures in 1910 
by Marie, et al, there appeared a series of descriptive reports of carcino- 
genesis in several species of animals, Later it was shown that a single, 
relatively small dose of radiation ( in the order of 1000 r ) could produce 


neoplasms in inflamed tissues. This work was extended by Lacassagne 
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(1933), Lacassagne & Ruddi (1943), Lacassagne & Vinzent (1929), and by 
Burrows, et al, (1937), but unfortunately little has been reported since on 
this interesting phase of radiation carcinogenesis, 

Whole-body exposure to radiation was observed by Krebs and associates 
(1930) to induce lymphocytic leukemia in mice and this was followed by | 
the reports of Furth & Furth (1936) and Furth & Butterworth (1936), in 
which the influence of whole-body X-radiation was studied in relation to 
the appearance of leukemia, ovarian and lung neoplasms. There followed 
well designed experiments, using acute and chronic whole-body radiation, 
neutrons, nuclear detonations, $-radiation from external sources, instil- 


lation of various a and B-emitters by several routes. Some of these 


results will be discussed as they influence neoplasms of various organs. 
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1. Neoplasms of the Skin 

Carcinogenesis of the skin, as a result of radiation, appears to be 
a rather complex process in which there is an extended latent period and 
the productivity of neoplasms is low. This is particularly true when 
radiation is localized and ulceration is produced by a severe dose of 
radiation (Gliicksmann, 1958). Here, neoplasms arise from regenerating 
tissue which replaces that destroyed by direct radiation similar to carcin- 
oma formation in man, The yield of skin carcinomas in rats given a 
single dose of 12,000 rads from an electron beam was 23+ 8, 5% after 
26 months, whereas a single dose of 2, 300 rads failed to induce skin neo- 
plasms. These findings indicate that with the strain of rat employed in 
this type of severely localized radiation, in an area of 2.5 cm diameter, 
a certain amount of tissue destruction is necessary to initiate carcino- 
genesis. The question of the possibility of carcinogenesis of skin occurring 
in localized areas, through the use of small non-damaging doses, appears 
not to have been thoroughly investigated. 

In contrast to the results obtained with high levels of radiation 
directed to a narrow tissue field, several investigators have reported skin 
cancers in rats following whole-body exposures to X-ray at ranges well 


below the exposures from the electron beam. In some cases protection of 


rats (Brecher, et al, 1953; Finerty, et al, 1953), to approximate LD-100 
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levels of 660 to 1,000 r was achieved by using parabiosis or protective 


chemical agents. In the experiments of Koletsky and Gustafson (1955), 


in which the largest yield of basal-cell carcinomas and skin sarcomas was 


achieved, unprotected survivors receiving a single exposure to 660 r 


X-radiation were studied. So-called Wistar "white" rats were used by 


these latter investigators and the likelihood should be further studied that 


this particular stock is extremely sensitive to radiation. Earlier studies 


by Koletsky and Christie (1954) revealed the induction of osteogenic 


sarcomas and carcinomas of the face in these rats with relatively low 


levels of p32. 


Shallabarger, et al (1957), interestingly, found no cancerigenesis of 


the skin, but a strikingly early appearance of mammary neoplasms in 


Sprague-Dawley rats given sublethal X- or ¥Y -radiation and localized 


6§-radiation from a p32 source. The f$-radiation which was delivered to 3 


separate areas of the skin, each area receiving either 1320 or 2640 rep, 


appeared not to influence the induction of neoplasms. 


Henshaw and colleagues (1949); (1951) have reported investigations 


of the effects of periodic and single surface exposures of fast and slow 


neutrons, Y -rays and §-rays from P32 in Sprague-Dawley rats and CF) 


mice, Skin neoplasms were not observed from exposures to the penetrating 


radiations. 


Response to sublethal doses of B-radiations led to skin neoplasms 
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of various histologic forms (although not specified) even in areas where 
no prior skin lesions existed. In these experiments the LD100 for 


Sprague-Dawley rats was stated to be ~~ 7, 000 rep and for CF; mice 


~ 4500 rep. Skin neoplasms appeared early, beginning at 6 months in 
rats, following a single dose of 4500 rep and this appeared to be a much 
more efficient method of induction than following chronic exposures. 
Repeated daily doses of 0.5 and 5.0 rep appeared to be non-carcinogenic, 
but 50 rep daily, induced multiple neoplasms in all rats. 

Although some epilation and suppuration of the skin with open lesions 
appeared following B-radiation in the sublethal range, a stable recovery 
state was reached over a period of weeks,l ong before the appearance of 
the first neoplasm. This indicates that transformation to neoplasia (carcin- 
oma) may not always be dependent upon ulceration and subsequent regener - 
ative conditions which seem important in cutaneous neoplasms in man and 
in experimental animals receiving radiation from an electron beam directed 
to a small localized area. 

Although in some publications, Glucksmann and colleagues have used the 
term fB-rays, it has been suggested that cathode rays or fast electrons be 
used for the radiation delivered by an electron beam accelerated in a Van der Graaf 
generator. The differences in response of experimental animals observed 
by Glucksmann and colleagues, in contrast to the results reported by Henshaw 


and his group, using B-rays from a P 32 source, may indeed result from 
differences in properties of the radiation. (See Boag & Glucksmann, 1956) 
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Relatively few data are available concerning dependence of yield of 
cutaneous neoplasms on dosage, fractionation of radiation and on dose rate, 
The data of Schubert, et al, (1956) are insufficient to establish, as claimed, 
a quantitative relationship between dose and induction of skin neoplasms. 

Little effort appears to have been directed toward the interesting 
possibility of the influence of cocarcinogens. The report of Shubik and 
co-workers (1953), indicates this as a possibility. These investigators 


found that croton oil administration to the skin of mice after B-radiation 


from thallium’ led to papillomata formation (20% in 3.5 months), followed 


by malignant transformation at 8 months, The dosage delivered, 800 rep, 
was stated to be below the level suggested as being the threshold. Similar 
results have been recorded by Boag and Glucksmann, (1956). Herea 
chemical carcinogen 1:2:5:6:-dibenzanthracene, itself non-carcinogenic at 
the levels employed, when applied after radiation from a cathode ray source, 
at non-carcinogenic levels, resulted in sarcomas as well as carcinomas 


in Hooded rats. 
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2. Neoplasms of Hematopoietic and Lymphoid Tissues 
Much attention has been given to a morphologic description of neoplasms 
of the skin, ovary and other tissues, arising following exposure to radia- 
tion; but unfortunately, neoplasms arising from the hematopoietic and 
lymphoid tissues have been lumped together in many publications as "mouse 
leukemia.'' Generalizations that have been made concerning radiation 
and ''mouse leukemia" may be therefore entirely misleading, as will be 


discussed. A morphologic and biologic classification of the various neo- 


plasms arising in these tissues has been given by Dunn (1954). ? Clearly, 


more emphasis must be placed on classification of the neoplasms of 
reticular tissue induced in experimental animals, particularly the mouse. 
As shown by Dunn and others, the leukemic diseases as in man, are not 
a unitary group and much evidence is accumulating to show that they have 
diverse etiologies. 

Kaplan and colleagues (See Kaplan, 1954), have published extensive 
observations on the response of C57BL/Ka strain mice to radiation. It is 


clear that certain generalizations may be made concerning this strain: 


* 
The comprehensive term "neoplasms of reticular tissue," as defined 


by Dunn (1954), will be used here when possible. The terminology used 
by the investigator is retained, for the most part, however, when refer- 
ences are made to specific observations reported in the literature. 
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1. There exists a threshold, in the region of 200-300 r below which 
lymphocytic neoplasms of thymic origin will not appear. These neoplasms 
are called "malignant lymphomas" by Kaplan. The peak incidence of 
thymic lymphomas is reached within 12 months and some thymic lymphomas 
make their appearance by 100 days. 

2. Extra-thymic lymphocytic neoplasms are not induced by whole- 
body irradiation in this strain in contrast to other strains of mice. Thymec- 
tomy nearly completely inhibits the induction of lymphocytic neoplasms. 

3. Whole-body irradiation is necessary. Shielding of a small part 
of hematopoietic tissues, or introduction intravenously of isologous, but 
not homologous bone-marrow, prevents the induction of these lymphocytic 
neoplasms (Kaplan, et al, 1958). 

4. Repeated exposures of X-rays are more leukemogenic than single 
exposures. 

5. An indirect effect of radiation is suggested. Lymphocytic neo- 
plasms originate from non-irradiated thymic implants grafted into thymec- 
tomized, irradiated C57BL, (C57BL x C3H)F, and (C57BL x A)F, mice. 
(See Kaplan & Brown, 1954; Kaplan, et al, 1956; Law & Potter, 1956; 1958). 

The response of C57BL mice to radiation may indeed represent a 


special and unique case and there is some evidence to be discussed, which 


indicates this. The recent studies of Kronig and Sigmund (1955) who 
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observed the production of 46% lymphomas in C57BL mice following 
massive, localized X-radiation to a dorsal skin fold, may represent a 
quite different mechanism in the induction of neoplasms of reticular tissues. 
A comparison should be made of the biology and morphology of the neo- 
plasms encountered under these conditions of radiation with the typical 
thymic lymphocytic neoplasms appearing following whole-body irradiation. 


Induction of neoplasms of reticular tissue in LAF, hybrids and in RF 


1 
strain mice have been observed by Furth and co-workers (Furth & Upton, 
1949; Upton, et al, 1954; Furth, et al, 1954; Upton, et al, 1956), following 
exposure to fast and slow neutrons of the atomic reactor, to whole-body 
X-radiation and to thermal neutrons with contaminating Y -rays following 

a nuclear detonation. 

Lymphocytic neoplasms of thymic origin in LAF, mice increased in 
proportion to the dose when exposed to a nuclear detonation. A greater 
frequency was seen among males, particularly above 700 r, and a threshold 
dose of 500 r for males, but much lower, perhaps below 192 r for females, 
was observed; however, the incidence of reticular neoplasms (morphological 
form unspecified) is higher among the non-irradiated controls and the 


frequency of induced neoplasms among both sexes inthe 367-424 r group 


is probably not significantly different from controls. It is stated that the 


incidence of all non-thymic reticular neoplasms which includes generalized 
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lymphocytic and granulocytic (rarely) neoplasms and reticulum cell 
sarcomas were not influenced by this radiation with dose ranges extending 
from LD, to LDjo9: The LD, (30 days) was approximately 755 r. The 
incidence of non-thymic leukemia in this strain, and also as reported else- 
where for RF mice, actually decreased with increasing dose. This may 
merely indicate a difference in expression rather than induction of lymphe- 
cytic neoplasms in irradiated mice. The earlier appearing neoplasms may 
be confined to thymic tissue. 

More precise data have been published in extension of this work in 
a comparison of the RBE of fast neutrons and X-rays on the induction of 
neoplasms of reticular tissue in RF mice, (Upton, et al, 1956). The inci- 
dence of lymphocytic neoplasms increased and mean latent period decreased 
with the dose of radiation and with fractionation of both neutrons and X-rays. 
Myeloid leukemia developed later in life, was more common in males, and 
appeared in mice receiving relatively lower doses of radiation (110 rads of 
neutrons and 119 rads of X-rays). In an earlier publication (Furth & Upton, 
1949), it appeared from the data, given only in graph form, that dose levels 
as low as 16 r and 32 r, X-radiation or thermal neutrons, induced myeloid 


leukemia in females of the RF strain. Fractionation did not influence the 


frequency nor the latent period of granulocytic neoplasms (myeloid leukemia). 


Although it is concluded that the frequency of myeloid leukemia increased 
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with dosage, this is not borne out by the data. There are some indications 
from these data, and from an earlier report of Henshaw, et al, (1947), of 
a lower frequency of lymphoid neoplasms in neutron-radiated, compared 
with X-rayed mice. The significance attached to a greater frequency of 
myeloid leukemia in neutron-radiated mice may be the result of sensitive 
mice not succumbing early to thymic leukemia. 

A more detailed investigation of some of the variables influencing 
induction of lymphocytic and granulocytic neoplasms in RF mice following 
X-radiation has been reported recently (Upton, et al, 1958). Resort to 
thymectomy which eliminates thymic lymphocytic leukemia, and the use of 
adjusted incidences to correct for mortality from causes other than leukemia, 
have made clearer the differences in this strain of mouse, in the induction 
of these two different morphologic forms of neoplasm. Frequency of 
myeloid leukemia was greatly increased at lower dose levels (150 r) in 
contrast to the frequency of thymic lymphomas. This suggests that the 
threshold dose is well below 100 r, but exposures below 150 r were not 
accomplished. Fractionation of dose did not influence the frequency or 
latent period of myeloid leukemia, nor did thymectomy. 

The dose-response curve for myeloid leukemia, in contrast to that for 
thymic lymphomas, leveled off above 150 r indicating a "saturation dose" 


may be approached above this level. Myeloid leukemia predominated in the 
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males, thymic lymphomas in females, and these sex differences persisted 
in castrated mice. In RF mice, but not all strains, irradiation in the early 
neonatal period resulted in an increased frequency of thymic lymphomas; 
there was no indication of an effect on myeloid leukemia, however. 

The significance of these results in RF mice pertaining to the induction 
of granulocytic neoplasms are apparent since single exposure to ionizing 
radiation in man appear to be highly carcinogenic in inducing chiefly myeloid 
leukemias. There is also some evidence from this work of Upton and 
colleagues that shielding of the pelvis and lower extremities, during whole- 
body irradiation, is less effective in reducing myeloid leukemia induction 
than lymphoid leukemia induction, It would be of interest to determine the 
influence of localized spinal irradiation at the accumulated dose and over- 
all exposure time similar to that given ankylosing spondylitics. 

The interesting experimental design described by Mole (1956) needs 
to be extended to other strains of mice and other experimental animals. It 
is quite likely to provide answers to the question of direct versus indirect 
modes of carcinogenesis by ionizing radiation, of threshold dose and the 
maximum permissible dose rate. In CBA mice, the incidence of leukemia 
was found to be little affected by fractionation and protraction with a total 


dose of 1000 r of X-rays. Thymic and non-thymic lymphocytic neoplasms 


predominate in irradiated CBA mice. With total doses above 1000 r the 
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leukemia incidence did not increase, Interestingly, large single doses 
superimposed upon fractionation, appeared to exert a therapeutic effect. 
These dose-response relationships have been investigated further to levels 
as low as 500 r, total dose (Mole, 1958). Interesting findings, many con- 
trasting with the results of Kaplan, and of Furth and co-workers, were as 
follows: 1) 500 r was ineffective in inducing thymic lymphocytic neoplasms 
(lymphomas), whereas increasing the total dose to 750 r, apparently, 
regardless of fractionation and protraction, increased the yield tenfold. 
Increasing the total dose beyond 750 r did not strikingly increase thymic 
lymphomas; 2) the incidence of generalized leukemia (lymphocytic neoplasms) 
steadily increased with time throughout 30 months whatever the total dose. 
The peak incidence of thymic leukemias, in contrast, occurred within a 
12-month period; 3) the incidence of reticulum cell sarcomas was decreased 
following all schedules of radiation given, 

The question of classification of the non-thymic, generalized leukemias 
discussed by Mole must be resolved. Do they really represent a homogen- 
eous group of neoplasms as indicated? Further information in CBA mice, 
at total doses below 500 r, may indeed be very interesting and illuminating. 

Brues and Sacher (1952) have investigated the response in a time- 


morbidity study of CF, mice exposed to whole-body, fractionated X-radiation 


over 54 days, at total doses of 400, 800 and 1200 r, respectively. The 
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lymphoma incidence was found to rise to a peak approximately 150 days 
after beginning treatment and then declined to the normal rate. The response; 


to the different dose levels had the same pattern and differed only in 


amplitude. In contrast, in sr°? treated CF, mice, where dosage was 


maintained, the mortality rates from bone neoplasms increased constantly 
with time, as is characteristic of the development rate of many other 
radiation-induced neoplasms, These authors suggest that lymphoma induc- 
tion, following whole-body, X-radiation is governed by a "fundamental 
injury process." It is unfortunate, in the light of differences in response 
of different strains of mice, that the forms of neoplasm termed "lymphoma" 
were not more fully characterized. The time limitation on the appearance 
of these neoplasms suggests the development of thymic lymphocytic neo- 
plasms in CF, mice similar to the response of C57BL mice. 

A series of investigations by Lorenz, et al, (1954) were reported on 
the biological effects of chronic Y-radiation from a radium source (Lorenz, 
1950; Lorenz, et al, 1947). The pertinent results to be discussed here 
concern LAF, mice (C57L x A) and C3H/He, which were continuously 
exposed, beginning at one month of age to 0.11, 1.1, 2.2, 4.4 and 8.8r 
per day. At these levels, the highest total dose being 5900 r, no striking 
peripheral blood nor bone marrow changes were observed and there was 


no predominant syndrome for radiation deaths. Among LAF, mice, there 
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was observed an increased incidence, in certain groups, of leukemia, 


principally of the lymphocytic form and of lung, ovarian and breast neo- 
plasms, the latter not being observed among the non-irradiated controls. A 
striking increase in the incidence and decrease in mean age at death (latent 
period) from leukemia in females was recorded in the 8.8 r group and a 
decrease in mean age at death among leukemic members irradiated at 4.4 r 
per day. In males, carcinogenicity was seen in the 2.2, 4.4 and 8.8r 
groups. The overall incidence and latent period was similar for other 
irradiated groups and controls. Lymphocytic neoplasms occurred among 
36% of 91 C3Hf/He female mice irradiated at 8.8 r per 8-hour day. These 
occurred over a period of 17 months at a mean tumor age of 13.5 months. 
None was said to have been observed among 160 virgin females. Interest- 
ingly, an acute exposure of C3Hf/He mice to 400 r X-rays at birth was non- 
leukemogenic. Neoplasms of reticular tissues were studied in C3Hf/He 
mice, following single exposure of whole-body X-radiation at birth (400 r) 

in 3-month old mice (400 r and 900 r) and in radiated mice in which radia- 
tion effects were modified by spleen-protection or by a cysteine-anoxia 
procedure. Evidence of induction of neoplasms of reticular tissues (lympho- 
cytic and granulocytic leukemias and reticulum cell sarcomas) in two groups, 
the 400 r group, unprotected, and in the 900 r group, treated with cysteine, 


in both of which there was observed a decreased life span. A 3-fold increase 
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in frequency was noted. A striking increase in ovarian neoplasms and in 
medullary, as well as cortical adrenal tumors was observed in all radiated 
groups (Hollcroft, et al, 1957). 

A study of the effects of fast neutron radiation on several biologic end 
points was reported recently by Neary, Munson and Mole (1957). CBA mice 
were irradiated nearly continuously at 3 levels, a maximum which was 
approximately 1 rad per day and at two lower levels approximating 1/1 0th 
and 1/30th the maximum level. There was obtained no evidence of an 
increase in incidence of neoplasms of reticular tissues nor of decreased 
latent period. The neoplasms encountered in CBA mice, among both the 
irradiated and control groups, were thymic and non-thymic lymphocytic 
neoplasms and reticulum cell neoplasms of type A and B as described by 
Dunn (1954). The mean age at death (survival) in the maximally irradiated 
group was less than the mean age at death from neoplasms of reticular 
tissues among all other groups and may account for the absence of evidence 


of induction in this group. It has been found in contrast, however, that 


among LAF), mice given fractionated X-rays, a shortened latent period for 


lymphocytic neoplasms was associated with maximum life-span shortening. 
Nevertheless, as discussed above, CBA mice, given X-radiation for limited 
periods, show a striking increase in such neoplasms, particularly of the 
lymphocytic variety. Mammary tumors and malignant neoplasms of the naso- 


pharynx, only, were increased in frequency in this study of Neary, et al. 
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In earlier studies by Henshaw, et al, (1946), of the effect of fast 
and slow neutrons on the induction of "leukemia" in CF), ABC and C58 mice, 
it was shown that dose levels of fast neutrons from 50 to 90 n increased the 
incidence from 14 percent* in the controls to approximately 30 percent. A 
single dose of 500 r or 700 r Y rays increased the incidence to 65 percent. 
Details of these data were not given, however. It was stated that the inci- 
dence of "leukemia" was not altered in ABC mice and there occurred a pro- 
nounced reduction of the neoplasms in high-leukemic C58 strain mice. 
Application of the estimates of the probability of radiation-induced 
leukemia in man is discussed by Lewis (1957), in relation to exposure from 
$r89 and Sr?°, Although many experimental studies on the carcinogenicity 
of radioisotopes obtained from nuclear fission have been reported, little 
evidence is at hand to suggest that these materials are leukemogenic, aside 


from that observed for p3 


2 (Brues, et al, 1945). P32, whether given as a 
single dose, or in monthly divided doses, was comparable as a leukemogenic 
stimulus to total-body X-rays in CF, female mice. The evidence with p>, 
as with X-rays, was consistent with the lack of a threshold dose below which 


early neoplasms were not induced. These results with p32 may indeed be 


expected to approximate the effects of whole-body radiation because of its 


* : 

The varying incidences reported for CF) mice among different laboratories, 
Suggests a lack of genetic homogeneity among these mice. Indeed, no infor- 
mation is given concerning inbreeding of these mice, 
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tissue distribution. Completed data are not yet available to assess the 
probable leukemogenic stimulus reported for Sr? in Long-Evans rats 


9 in mice (Watanabe, 1955). 


(Casarett, et al, 1958), and for sr® 
A recent report has been given by Finkel (1958), of a long-term study 
of the effects of sr??, using CF, female mice. 70-day old CF) mice were 


90_90 


given a single intravenous injection of Sr from levels of 1.3 to 9330 


pe/kg. The mean body burdens at 600 days were estimated to be 0. 14 to 


90 


1026 pe/kg. An association between dose of Sr’* with osteogenic sarcomas 
and hemangioendotheliomas of bone marrow was observed and evidence of a 
threshold dose somewhat below 200 pe/kg was indicated. Reticular tissue 
neoplasms, arising principally in lymph nodes, thymus, spleen and bone 
marrow (the morphologic forms were not specified) presented a different 
response. The total incidence of this group of neoplasms, approximately 
20 percent in treated and controls, was not influenced by dose, but there 
was found an association between mean age at death and dose; a dose as low 


as 8.9 pe/kg significantly influenced the mean age at death. It is doubtful 


that these data of Finkel demonstrate the existence of a threshold for retic- 


ular tissue neoplasms. Although a linear relationship exists among the 





values obtained for 8.9, 44 and 88 pe/kg levels, the two lowest dosage levels 


below 8.9 pc/kg obviously fall far off this curve. It is emphasized that the 


dosage level of 8.9 pe/ks represents 70 and 700 times, respectively, the 
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currently accepted maximum permissible level for occupational and non- 
occupational exposures in man. It would appear unwise, however, to 
conclude, as Finkel has, on the basis of this evidence that the present level 


90 


of contamination with Sr’ from fallout, "is extremely unlikely to induce one 
bone tumor or one case of leukemia." 

The evidence which has been discussed previously shows that profound 
differences in response to radiation, may result from sex, strain and 
species differences. Furthermore, the likelihood of an increased sensitiv- 
ity in response of neonatal tissues, the influence of fractionation of exposure, 
the possibility of increases in susceptibility of tissues to cocarcinogens, 
and possible synergistic response with other leukemogens should all be 
considered as capable of modifying responses to radiation. It is quite 
probable that the choice of another strain of mouse may have led toa 
totally different response, 

This wide range of estimates given by Finkel representing one extreme, 
and Lewis (1957), the other, is seen also in the published calculations of 
the genetic hazards of radiation, a field in which considerably more precise 
basic knowledge is at hand (See Russell, 1952). 

Little attention has been given dose-rate as it influences the frequency 


or latent period of neoplasms of reticular tissues. Preliminary data are 


given by Mole (1958) of the effects of the same total dose of Y - radiation 
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of 1000 r spread out over the same overall exposure time in daily doses at 
different dose-rates, from 1.3 to 81 r/hour, Dose-rate appears to influ- 
ence the induction of thymic leukemias in mice of the CBA and C57BL strain; 
This might be expected for thymic lymphocytic leukemias which, as discusse/ 
earlier, probably represent a special and unique case of response to whole- 
body irradiation. This experimental design should be extended to observa- 
tions of other morphologic forms of reticular neoplasms and to other total doy 
levels, particularly at lower levels, 

The several types of irradiation used by Furth and co-workers did not 


influence the frequency of monocytic and reticulum cell neoplasms (Type A 


& B neoplasms of Dunn) in RF and LAF) mice (Upton, et al, 1954); yet a 


striking increased frequency (@,50%) of these neoplasms called reticuloendo- 
theliomas, were observed by Kaplan, et al, (1956) in C57BL thymectomized 
mice given fractionated, whole-body X-radiation. 

In several inbred strains of mice, BALB/c, DBA/2, C57BL, CBA and 
BC, whole-body, X-radiation below 300 r is relatively ineffective in inducing 
thymic lymphosarcomas or generalized lymphocytic leukemia. At these 
levels of irradiation, if estrogens or carcinogenic hydrocarbons (e. g. 
methylcholanthrene) are given, also at levels which are non-leukemogenic, 
an apparent synergistic response is noted. (See Furth & Lorenz, 1954; 
Gardner, 1953). Both frequency and latent period are influenced, particu- 
larly for thymic lymphomas. These Studies have been extended, in only one 


instance, to the influence of estrogens in mice given partial body X-radiation. 
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Here in BALB/c strain mice where neither leukemogen was effective at 
the dose levels employed, a precocious appearance and greater yield was 
obtained of thymic lymphosarcomas (Kirschbaum, etal, 1953). More 
recently (Kawamato, et al, 1958), a possible cocarcinogenic effect of 
urethan (ethyl carbamate) has been reported for X-ray-induced, as well as 
carcinogen- and estrogen-induced lymphocytic leukemia in several strains 
of mice. There has been obtained no demonstrable leukemogenic activity 
of this compound alone. These findings and those of Shubik, et al, (1953), 
relating to the influence of croton oil on the carcinogenic process in B- 
irradiated cutaneous tissues and the numerous reports of possible co~<ar- 
cinogenic action reflected in different tissues subjected to different forms 
of ionizing radiation should provide a series of models for a better under- 
standing of the carcinogenic process. 

A causal relation has been established between several kinds of 
radiation and thymic lymphomas, generalized lymphocytic neoplasms, 
granulocytic neoplasms (myeloid leukemia), and reticulum cell sarcomas 
in mice, 

It has been emphasized repeatedly by several investigators that rats, 
unlike mice, do not develop neoplasms of reticular tissues following 
exposure to radiation. Two recent reports suggest, however, that induction 
is possible providing the proper strains are used and the proper conditions 

y one of radiation are met. 


iation. 
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A striking increase in plasma cell neoplasms in rats has been 
reported by Maisin, et al, (1956), following partial-body X-radiation. The 
likelihood of induction of plasma cell neoplasms (myeloma) and plasma cell 
leukemia should be investigated in strains of mice having the potentiality 
of developing these neoplasms spontaneously, the C3H strain for example, 
or in those strains developing these neoplasms to other insults, such as 
carcinogenic hydrocarbons (Rask-Nielsen & Gormsen, 1951; 1956). A 
second report describes the induction of 30 percent lymphocytic neoplasms 


in Holtzman rats given whole-body X-radiation in the lethal range but 


protected by a parabiotic twin (See Binhammer, et al, 1957). 
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3. Modifications of Irradiation Effects 

The findings to be discussed of modifying the response to X-radiation 
and of reversing the chain of events leading to neoplasia, relate principally 
to lymphocytic neoplasms, thymic in origin. Lack of precise information 
concerning the part played by the thymus, for example in other experimen- 
tal animals and in man, does not detract from these observations. The 
model employed provides one method of determining precise mechanisms 
involved in carcinogenesis. 

Thymic tissue-is a sine qua non for the development of spontaneous, 
carcinogen-induced or X-ray-induced lymphocytic neoplasms in certain 
strains of mice. Total removal of thymic tissue effectively reduces the 
incidence of the disease whether or not the thymus is the apparent site of 
origin of the neoplasm, It is becoming clear, however, that in some Strains, 
following irradiation, there are exceptions, particularly as regards forms 
of leukemia other than thymic lymphomas (See Law, 1957). 

It has been found that grafted thymic tissue, through a physiologic 
or biochemical mechanism, acts as a "sphere of induction" of lymphocytic 
neoplasms. In certain situations: 


1) Parental thymic tissue (AKR), grafted into a compatible, but 


genetically different host, (C3H x AKR)F) becomes repopulated by host 


lymphocytes. The neoplasms which arise in the thymic graft are of host, 
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not graft, origin as determined by their transplantation (histocompatibility) | 
patterns (Law, 1952). 

2) In contrast, neoplasms do not arise from the compatible C3H 
(low-leukemic) grafted thymic tissue indicating that the "sphere of induc- 
tion'"' is genetically expressed as an intrinsic property of thymic tissue. 
Similar findings have been reported for C3H as opposed to C57BL thymic 
tissue transferred to irradiated (C57BL x C3H)F, hybrids (Kaplan, et al, 19 

3) In irradiation experiments, employment of the genetically 
susceptible C57BL thymic graft in refractory (C57BL x C3H)F, mice, 
resulting from thymectomy, has established the fact that lymphomas arise, 
in a majority of cases from the grafted C57BL tissue which has not received) 
irradiation. This has been confirmed in (C57BL x A)F, mice; however, 

a certain number, particularly the neoplasms arising later in life, were 
found to be of host origin. Nevertheless, these data further establish the 


existence of an indirect mechanism in the X-ray induction of lymphocytic 


neoplasms of thymic origin (Law & Potter, 1956). Of interest is the finding 


in our series of several neoplasms which were not lymphocytic, but yet 
of thymic origin. 

4) Grafting of C57BL thymic tissue into thymectomized (C57BL x A)F) 
mice as late as 28 days, following the last fractionated X-ray exposure, 
leads to the development of lymphocytic neoplasms, some of non-exposed 


C57BL tissue origin, at the site of the grafted tissue (Law & Potter, 1958). 
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Preliminary results from this laboratory, using the millipore diffusion 
chamber of Algire, transplanted intraperitoneally, indicate that C57BL 
thymic tissue though able to grow and maintain itself for a long period of 
time (120 days) within the chamber does not transform to leukemic tissue 
when so isolated; whereas such tissue grafted under the kidney capsule does 
so. The possibility of tissue interaction between host and donor tissues 
must be considered in the induction process, 

5) Susceptibility of lymphoid tissues, particularly in irradiated DBA/2 
mice, is not limited to the thymus. In situ lymphocytic neoplasms arise 
at other sites, principally the lymph nodes. Definitive evidence is not yet 
at hand, to determine the precise role played by such tissues in the inductive 
process described above. The difference in origin of the epithelial elements 
of thymus and lymph nodes may account for the striking sensitivity of the 


thymus. 


The prevention of lymphocytic neoplasms, thymic in origin, in 


sublethally irradiated mice by isologous (Kaplan, et al, 1953) except with 


marrow from high-leukemic donors (Lorenz, Law and Congdon, 1954), but 
not by homologous bone marrow (Kaplan, et al, 1958) has been reported. 

The most plausible explanation for these results, as well as in the shielding 
experiments (Kaplan & Brown, 1951; Lorenz, et al, 1953) is that total repop- 


ulation by the isologous non-irradiated marrow has occurred, The lack of 
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protection by isologous embryonic hematopoietic tissues in C57BL mice 
and the evidence for the persistence of homologous bone marrow cells 
(which do not prevent induction) in the marrow and lymphoid organs would 
argue against this interpretation (See Law, 1959). 

A study is in progress in this laboratory of lethally irradiated mice 
of several inbred strains and hybrid combinations which receive homologous 
intact bone marrow cells, In those mice which survived the "secondary 
phase" of the irradiation syndrome, numerous neoplasms of reticular 
tissue have been observed (Uphoff & Law, 1958). As determined by their 
histocompatibility and antigenic patterns, the majority of these neoplasms 
were of the donor bone-marrow type, representing radiation chimeras, 
Thymic lymphomas were not observed in any of the lethally irradiated mice 
receiving isologous marrow, Interestingly, those lethally irradiated mice 
receiving bone marrow from the high-leukemic AKR and C58 strains 
presented thymic lymphomas. 

The phenomenon of inhibition of lymphocytic leukemia by post- 


irradiation bone marrow is not restricted to C57BL mice. Our previous 


results showed the inhibitory influence of C3H marrow in (C3H x AKR)F, 


irradiated mice. Recently these observations have been extended to DBA/2 
mice in which many of the induced neoplasms are non-thymic in origin. 


Transfer of isologous bone marrow to DBA/2 mice receiving four weekly 
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courses of 125 r X-radiation resulted in a decrease of the incidence of 
lymphocytic neoplasms from 52 to 16 percent. The 16 percent lymphocytic 
neoplasms appeared early and were non-thymic in origin. The possibility 
of a difference in influence of intact isologous bone marrow cells on the 
induction of reticular neoplasms of lymph node versus thymic origin is thus 
indicated, (Law, Potter & Uphoff, 1959). 

The reversibility of the X-ray induction of thymic lymphomas has 
been shown for intact isologous bone marrow cells. It is known that this 


reversal must be ecrly; that is, bone marrow must be introduced in the 


matter of a day or two after irradiation (Kaplan, et al, 1955). In contrast, 


cortisone administered as late as 100 days after irradiation, strikingly 
suppresses the formation of thymic lymphomas (Nagareda & Kaplan, 1958). 
The role of shielding of hematopoietic tissues during X-radiation or of 
introduction, intravenously, of intact bone marrow cells, is not known 
precisely for other neoplasms of reticular tissues, except perhaps for 
reticulum cell sarcomas in C57BL mice following whole-body irradiation 
(See Kaplan, et al, 1956a). Nor has this influence been demonstrated for 


other than induction by X-radiation. 
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4. Neoplasms of Bone 
A most comprehensive experimental study of radiation-induced bone 
neoplasms has been carried on by Brues and co-workers, using a number 
of bone-seeking radioisotopes of both a- and B-emitting character. Studies 
of comparative carcinogenicities, dose-response relationships, species 


differences and pathogenesis of neoplasms have been reported (Brues, 1949, 


1951; Brues, et al. 1947; Finkel, 1953, 1958; Lisco, et al. 1947). 


Bone neoplasms have been induced following the introduction of radium- 
226, strontium-89, strontium-90, yttrium-91, cerium-144/-praseodymium- 
144, plutonium-239, calcium-45, polonium-210, thorium-228, uranium-232 
and uranium-233. The carcinogenic pattern for bone-tumor response, 


89 90 


particularly following introduction of Sr ‘ and Sr’ in CF, mice appears 


1 
to be as follows: 

1) There is a sharp latent period of approximately 180 days, following 
which bone neoplasms, mostly osteogenic sarcomas, develop rapidly, and 
in many cases as multiple neoplasms. The latent period cannot be shortened 
by increasing the dose. 

2) The probability of bone tumor formation is without limit in time, 
once the latent period is reached. This is true for single-dose, as well 
as multiple-dose regimens. 


3) There has not been obtained a simple linear relation between dose 


and response. 
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4) There is stated to be a threshold below which osteogenic sarcomas 


are not induced or are not detectable. For sr? this level lies somewhere 


below 200 pe/ke of injected dose and for sr®?, doses between 0.001 and 


0.005 pc/gram did not appear to alter the incidence of neoplasms. 

5) ABC mice were less responsive to the carcinogen than CF, mice 
and there appeared some evidence of the existence of recovery factors in 
that repeated doses at lower levels were more efficient than repeated doses 
at higher levels, compared with the same total dose given in a single 
injection. 

Attempts have been made to determine mean dose levels in bone of 
radioisotopes by Gilicksmann, et al. (1957), and by Lamerton (1957). It 
is clear that the mean levels estimated, for example at one year, represent 
levels of probably thousands of rads, except possibly for plutonium, which 
has a far greater capacity for bone tumor induction than other radioisotopes. 
Plutonium (Pu239) in contrast to other isotopes produced mostly neoplasms 
in the spine (62% compared, for example, with sr®? 22%). An explanation 
for this difference in localization is related to the greater affinity of Pu??? 
for collagenous tissue than for bone proper. Hamilton (1948) has reported 
deposition at or near bone surfaces so that dosage rates may be expected 
to be high at sites of bone growth. 


The relative biologic effectiveness (RBE) of radium and certain other 


a-emitting isotopes, have been studied by Finkel (1953),in CF, mice, The 
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deficiencies of such comparisons have been recognized since differences 

in biological half-life, their distribution and retention in tissues and 
differences in susceptibilities of tissues are unknown factors. At near 
tolerance levels, an estimate of the RBE was found to be 7(Pu*39), 3(Po* ! 9); 
2(Ur“>4): 1(Ur@33): 1(Ra22), 

Of particular interest is the appearance of other neoplasms in 
experimental animals following localization in tissues of certain of the 
isotopes discussed above. Malignant fibrosarcomas have been observed 
following introduction under the skin of 0.1 pem of plutonium or 1 pe of 
YPO,. The occurrence of carcinoma of the colon has been reported in rats 
fed y?! by stomach intubation with as little as 1.0 to 6.0 millicurries 
(Lisco, etal. 1947a, 1947b). Bronchogenic carcinomas were found in rats 
following tracheal intubation of radioactive cerium oxide (Lisco & Finkel, 
1949). These neoplasms were found in areas of severe radiation damage 
to the lung. 

The carcinogenic response of certain radioisotopes has been studied 
in larger species including the cat and dog. The data from such studies are 
extremely limited, however, due to the small numbers used and the genetic 
heterogeneity of the animals. 


The extensive data presented by Brues and co-workers concerning 


dose-response relationships (osteogenic sarcomata induction) are not 
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inconsistent with a substantial threshold dose. Extensions of the dose- 
response curve to low levels of plutonium would be interesting. It is argued 
(See Mole, 1958 and Lamerton, 1957) that serious limitations imposed by 
the short life of the mouse confront the investigator in such studies since 

it is possible at low dosage levels of radiation, that the latent period for 
tumor induction may indeed exceed the life span of the mouse. If this is 

so, it would be wise to study the response of other strains of mice, partic- 
ularly those with potentialities of developing osteogenic sarcomata spon- 
taneously, such as Pybus-Miller (PM) mice (Pybus & Miller, 1938), or of 
strains having a potentiality to develop benign osteomas, such as the AKR 
strain (Furth, 1946). In most of the work with bone-seeking radioisotopes, 
adult mice have been used. The recent work of Owen, et al. (1957), indicates 
a possible greater susceptibility to these isotopes in younger animals and 
attempts at modification of the response, with age, should be pursued. 

In contrast to the response of CF, and ABC mice, rats at least of one 
strain (?) , the so-called Wistar White rat, are strikingly more sensitive 
to the radioisotope ~ In the most recent report (Koletsky, 1954) low, 
single doses of p> in the range of 1.0 to 3.0 pe/gram produced osteogenic 
sarcomas in 32 percent of the animals. This is 1/200th of the injected dose 


in pe/gram of sr?° which induced osteogenic sarcomas in CF, female mice. 


Levels of 0.25 to 0.5 pc/gram were said to be ineffective. The LD,» dose 
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was in the neighborhood of 4. 5 pc/gram body weight. In addition to 
osteogenic sarcomas, there appeared squamous-cell carcinomas, probably 
originating in the nasopharynx. The sensitivity of this strain of Wistar rat 
to whole-body irradiation was mentioned previously and the difference in 
the response of CF, mice to p>? may reflect species differences or more 


likely, chance selection of sensitive rats and resistant mice. The induction 


: ; , : 32 
of osteogenic sarcomas in mice, following P'”, appears not to have been 





reported. 

In the experiments of Koletsky, the initial radiation dose to bone has 
been calculated as 100 r/day (Glucksmann, et al. 1957), and according to 
Furth and Tullis (1956), one-half of this strongly carcinogenic dose in rats 
approaches the average therapeutic dose in man. 

In mice, p?? has been reported to induce osteogenic sarcomas in ST/Eh 
mice at levels of 0.2 pc/gram (single dose). (Moller, 1954). An extremely 
low induction rate was observed, 3 of 38 mice, and unless a complete 
skeletal study was accomplished in both irradiated and control Street mice, 
these results may merely reflect sampling differences. 

Although studies of the distribution in bone and of histogenesis of 
bone neoplasms following administration of radioisotopes have been 
reported, the radiation doses have been extremely high, in the order of 


thousands of rads or higher. Gross tissue damage reflected in aseptic 
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necrosis of bone and fibrosis of bone marrow, disorganization of hemopoietic 
structures, resorbtion of bone by osteoclasts and atypical bone formation 
may represent incidental responses and have no relationship to the actual 
transformation of a normal to a neoplastic cell. The question has not been 
answered whether such neoplasms always arise from abnormal bone or at 


sites of maximal radiation damage. 





1492 FALLOUT FROM NUCLEAR WEAPONS TESTS 


5. Pulmonary Tumors 

It is unfortunate that the study of radiation carcinogenesis of 
pulmonary tissues in experimental animals has been relatively neglected. 
In mice, the role of genetic factors and of site of action of genes has been 
well delineated. (Heston, 1940; Heston & Deringer, 1947, 1949). Further- 
more, precise quantitative measures of response, particularly to carcin- 
ogenic hydrocarbons, have been established. Inthe mouse, it is believed 
that pulmonary growths arise from alveolar lining cells (Grady & Stewart, 
1940), while the common pulmonary tumors in man, in contrast, appear 
to have their origin from bronchial epithelium. Some inbred strains of mice, 
particularly the A strain, have a frequency of pulmonary adenomas of 90- 
100% and these occur late in life. These tumors persist for long periods 
of time without greatly affecting the health of the animal. The tumors are 
not encapsulated, are said to metastasize on occasion (Wells, et al. 1941), 
and grow progressively upon transplantation into mice of the appropriate 
genotype. Under certain experimental conditions it is possible to reproduce 
in mice neoplasms of the histologic types observed in man (Smith, 1952). 

Furth & Furth (1936) presented evidence that massive doses of whole- 
body X-radiation, given singly or in multiple doses, influenced the expression 


of pulmonary adenomas in 3 strains of mice, all having the genetic poten- 


tialities to develop these tumors spontaneously. The increase in frequency 
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was not of statistical significance but an earlier appearance of the neoplasms 
was seen in the X-rayed group. The neoplasms were morphologically 
similar in both the irradiated and control groups. 

Dohnert (1938) and Hereck (1939) attempted studies of induction of 
lung tumors in mice exposed in the Schneeberg mines. The experimental 
design in each study was not sound. The report of Rajewski, et al. (1943) 
of induction of pulmonary adenomas and adenocarcinomas arising from 
bronchial epithelium in mice given exposures to various dose levels of 
radon, yg not convincing nor is there evidence of corroboration of these 
findings. 

Lorenz and co-workers (1946) reported that A strain mice irradiated 
from a radium sulphate source at 8.8 r per 8-hour day, for 287 days, had 
a significantly higher incidence of pulmonary adenomas than control litter 


mates. These experiments were initiated as a result of suggestive findings 


in LAF, mice, given chronic gamma irradiation (Lorenz, etal. 1954). The 


total dose of gamma rays was 2500 r. At 10.5 to 11.5 months of age, the 
tumor incidence in the experimental group was found to be 76. 7% and in 
controls, 47.3%. There was no striking increase of multiple neoplasms 
of the X-rayed group over their litter mate controls. For comparison, 
carcinogenic hydrocarbons induce 100% pulmonary adenomas in A strain 


mice as early as 6 weeks with the appearance of multiple neoplasms in the 
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lung. Although it was stated that the evidence points to a direct effect of 
irradiation of lung tissue leading to neoplasia (see Lorenz, 1950), no 
data were given to support suchaclaim. Apparently LAF, mice with 
thorax shielded, did not show an increase in lung tumors following acute, 
fractionated X-radiation (75 r x 10 days), whereas those mice receiving 
total-body X-radiation s howed an increased frequency. It is of interest to 
note, however, that in a later experiment employing the same strain of 
mice (A strain), 900 r whole-body X-radiation to spleen-shielded animals 
did not influence the expression of lung adenomas (Heston, et al. 1953). 
Radiation from a nuclear detonation (Furth, et al. 1954) and thermal 


neutrons (Upton, et al. 1954), were ineffective in LAF, mice in significantly 


1 
altering the frequency or latent period of pulmonary tumors despite the 
carcinogenic effectiveness of these radiations for other tissues. Fast neutron 
irradiation, as reported by Neary, et al, (1957), proved also to be non- 
carcinogenic for lung tissues of CBA mice. (See earlier discussion for 
dosages employed). This proved to be the experience also of Henshaw & 
co-workers using CF) mice (Henshaw, et al. 1947). 

Of interest is the finding of Lisco & Finkel (1949) of the induction of 


144 


bronchiogenic carcinomas in rats by inhalation of Ce Severe lung 


damage was encountered with the dose levels used. There appear to be no 


similar studies reported on the response of mice to radioactive isotopes. 
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The evidence to date in mice, indicates that a high radiation dose 
given to genetically susceptible animals results in all probability, only to 
an earlier appearance of these tumors, alveolar adenomas, which ordinar- 
ily will occur in the absence of radiation. The effects observed, however, 
following administration of carcinogenic hydrocarbons or nitrogen mustard 
congenera are striking in comparison, but nevertheless, appear to act 
similarly by accelerating a process of transformation which is to occur 
under normal circumstances. For a rough comparison, the total energy 
absorbed in the above 2500 r experiment of Lorenz and colleagues was 
determined to be in the neighborhood of 2 x 10° ergs/gram of lung tissue 
while approximately 1 x 103 ergs/gram was found among the miners of 
Schneeberg & Joachimstal. As mentioned earlier, the chronic gamma-ray 
exposure studies of Lorenz and co-workers, employing LAF, mice, gave 
suggestive evidence of an influence on expression of pulmonary adenomas 
of levels as low as 1.1 r/8 hour day. These, apparently, are the only data 
relating to dose-response. In this connection, it is of interest to point out 
the dose-response studies of Heston & Schneiderman (1953) in relation to 
pulmonary tumor induction in A strain mice, using the carcinogenic hydro- 
carbon 1:2:5:6-dibenzanthracine. These authors found the tumor -dose 
relationship to be linear, subject to certain defined limitations, and there 


appeared to be no indication of a threshold dose. 
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6. Neoplasms of Endocrine and Endocrine-Controlled Tissues 


Previously, evidence was presented of an indirect effect of whole- 
body irradiation on the induction of lymphocytic neoplasms of thymic 
origin. In contrast, generalized lymphocytic neoplasms, myeloid 
leukemia and reticulum cell sarcomas in the mouse appear not to fall 
into this category, although information is scanty concerning these latter 
neoplasms. An abscopal effect (Mole 1953), in the sense that irradiation 
produces changes in tissues at a distance from the volume irradiated, 
may be better understood in a study of neoplasms arising from endocrine 


imbalances, apparently as a result of radiation. 
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a. Ovarian Neoplasms 


The early work of Furth and colleagues (Furth & Furth, 1936; 
Furth & Boon, 1943; Furth & Butterworth, 1936) pointed out the striking 
sensitivity of ovarian tissues to whole-body irradiation. X-radiation in 
single or fractionated doses or chronic y-radiation has been carcinogenic 
in most strains and in F, hybrids tested, although the number of strains 
have in fact been limited and the role of genetic susceptibility or of geno- 
type, as it influences morphologic types of neoplasm, has received little 
attention. A single dose of fast neutrons, as low as 26n, was said to 
increase the frequency of ovarian tumors in CF1 mice (Henshaw,et al. ‘ 
1947). 

In CBA mice, on the other hand, given fast neutron exposures at 
3 different dose rates, with a maximum exposure of 1 rad/day, no evidence 
of an increased frequency of ovarian neoplasms was noted (Neary, etal., 
1957). 

Ovarian neoplasms have been observed in LAF, mice following 
total body X-radiation with doses as low as 50 r (Deringer, et al., 1955), 
but not 25 r, and also following chronic exposure to 0.11 r per day of 
y-rays to a total dose of 110 r (Lorenz, etal., 1947). In the former 
experiments, shielding of the ovaries by exteriorization, during X-radiation 


to levels as high as 900 r prevented the appearance of neoplasms. X-radiation 


of ovaries alone, with the body shielded, yielded 28% bilateral ovarian tumors 
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with a single dose of 50 r. The role of circulating estrogen in these X-ray- 


induced neoplasms is shown by the experiments of Lick, et al. (1949), in 
which irradiation of only 1 of 2 ovaries in BALB/c mice did not lead to 
tumors and by Gardner (1950) who showed prevention of ovarian tumors in 
estradiol-treated mice given 280-380 r whole-body X-radiation. Further, 
intramuscular implants of irradiated ovaries into ovariectomized females 
showed a high percentage of tumors, while similar implants into intact hosts 
remained non-tumorous (Kaplan, 1950). Some direct evidence that deficiency 
of circulating estrogens leads to increased pituitary gonadotrophins has 

been published (Miller & Pfeiffer, 1950; Muhlbock, 1953). 

Although it is generally accepted that the total accumulated dose of 
radiation is the deciding factor in the induction of ovarian neoplasms there 
are few data to suggest the influence of dose-rate or of fractionation and 
protraction. If an anovular stage must be reached prior to the development 
of tumors one might expect some influence of dose-rate or fractionation. 

Recently, a comparison has been made of tumorigenesis in the ovaries 
of X-rayed mice, of ovaries implanted into the spleen of castrate hosts and 
in the sterile ovaries of C57BL-WYWY mice (Russell & Fekete, 1958). In 
the latter situation, the WY gene, a pleiotropic gene, influences the growth 
and development of ovarian follicles through the primordial germ cells. Very 
few ovarian follicles are present at any time and they cease to grow and 


develop after 2 months; little circulating estrogen is present in these mice. 
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Nearly all C57BL-WYWY females present bilateral tubular adenomas by 7 


months of age. It is of interest to note that the C57BL strain, following 
total body irradiation, shows a predominance of tubular adenomas and 
luteomas. This is in contrast to the findings of others employing different 
strains in which there is a preponderance of the granulosa-cell type of tumor. 
The chain of events appears to be the same in all 3 situations, however: 
downgrowth of germinal epithelium, absence or a low level of circulating 
estrogens due to the lack of developing ovarian follicles or in the case of 
ectopic ovaries placed in the hepatic-portal system, the estrogen is meta- 
bolized in the liver, and finally ovarian tumors. 
It is likely in the case of the WY gene effect that the extremely early 
absence of germ cells and estrogen deprivation determine the morphologic 
type of neoplasm encountered. If so, X-radiation of susceptible strains at 
different ages may throw some light on the pathogenesis of the different neoplasms. 
The role that the definitive germ cells play in the early appearance 
of luteomas in C57BL-WYWY mice suggests that the direct effect of irradi- 
ation, which appears necessary to induce ovarian tumors, may merely 
eliminate the irreplaceable supply of definitive germ cells. 
Although a significant role is, in all probability, played by gonadotrophins 
in the induction of ovarian neoplasms in the mouse, and in other species 
direct irradiation of the ovaries is also necessary in the radiation-induced 


tumors which have not been observed however in other species. 
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b. Thyroid Neoplasms 

Thyroid carcinomas, some with metastases, have been induced in 
rats following administration of 31 (Goldberg & Chaikoff, 1952). If yi3l 
or X-rays are given, along with a goitrogen, these tumors are induced more 
readily and a lower dose of irradiation is effective (Doniach, 1958). Thyroid 
response is similar to the response of ovarian tissues in that induction of 
tumors occurs following the use of several techniques apparently through 
creation of hormonalimbalances. Diets deficient in iodine, goitrogen admin- 
istration of a carcinogen, 2-acetamidofluorene with partial thyroidectomy, 
use of carcinogens alone, etc., lead to tumors of the rat thyroid in the 
observed sequence of events of rapid goitrogenesis, adenoma formation and 
finally carcinoma formation. 


Benign and malignant tumors observed by Goldberg and Chaikoff appeared 


1.5 to 2 years after a single injection of 400 pe yi31, It is estimated that 


the mean thyroid irradiation was in the neighborhood of 150, 000 rads or more 
(Feller, et al. 1949). Several investigators later found this dosage level 
actually inhibited thyroid tumor formation reflecting probably strain differ- 


ences in the rats used, and that the optimal range was much lower and 


131 


probably in the range of 10 to 30 pe I Interestingly, as shown by Doniach, 


similar quantitative carcinogenic effects were obtained with 30 uc of y31 


given over a few days, and 100 rads of X-rays given in a few minutes. The 
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addition, in each case, of a growth proliferative stimulus, methylthiouracil, 
led to carcinoma formation. Thus, it is postulated that the initial radiation 
effect "initiates" neoplastic cells which are later "promoted" to tumor 
formation by the goitrogen-induced TSH (thyroid stimulating hormone) 
stimulation. Recent work by Dr. Seymour Wollman (personal communication) 
of this institute has shown, however, that thiouracil given alone, without 
resort to carcinogen or radiation, provides sufficient stimulus to carcinoma 
formation. Profound strain differences were found among three inbred 
strains of rats used in these studies: Ax C, Marshall (M-520) and Fischer. 
The latter inbred strain was especially sensitive to the goitrogen. Similarly, 
13! aaministered without goitrogen resulted chiefly in adenoma formation 
but also a striking increase in carcinomas. 

There exist some data concerning dose-response relationships of 
tumors of the thyroid following administration of y}31 (Lindsay, Potter and 
Chaikoff, 1957). These data show, as stated previously, that at high levels 


13 


of radiation, above 25 pe I A there is a decrease in tumor induction with 


increasing dose so that with 400 pe of sha! no tumor induction was observed, 
presumably because of irreversible damage to the thyroid elements. 
Unfortunately, the range below 10 uc was not investigated in these studies 


and the question, asked previously, whether damage to the tissue is a 


necessary prerequisite to tumor formation is not answered. Further, it 
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should be determined whether TSH is a necessary requisite to carcinoma 
induction of the thyroid. The carcinogenic effect of small doses of X-radiatio, 
in infants radiated for thymic enlargement and in those receiving radiation 
for cutaneous lesions, would suggest some other "promoting" agency if 
indeed this is necessary. An explanation is given that the normal growth 
of thyroid tissue from infancy to early adult life (a stage at which total 
dependence upon the pituitary is not proved) simulates the results of long- 
continued goitrogen administration and of itself is the "promoting" factor 
(See Doniach, 1958); yet, it was pointed out previously that a substantial 
increased sensitivity is suspected in the response to radiation of those 
tissues of the infant or embryo, which are not "dependent" on endocrine 


secretions. 
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c. Pituitary Tumors 

Recent work on the role of radiation, particularly of X-radiation and 
g33, as it relates to the induction of neoplasms of the pituitary gland in 
mice, has been reviewed by Furth (1955, 1957). As has been pointed out, 
these neoplasms offer unique research possibilities, chiefly because, 

a) they may be characterized biologically into hormone-secreting types, and 
b) they offer the possibility of studying the mechanism of transformation of 
the functionally differing cell types from dependent to fully autonomous 
neoplasms. 

Pituitary tumors in mice and rats may be produced by several 
mechanisms including ablation of the thyroid gland by radiothyroidectomy, 
castration, increasing the level of estrogenic hormone or by whole-body 
X-radiation. There appear to be distinct morphologic and functional differ - 
ences among the tumors arising as a result of different treatments. 

Gorbman, in 1949, induced pituitary tumors in mice following the 
introduction of 40-50 pc per gram of body weight of yi31_ Later, Furth & 
Burnet (1951) induced pituitary tumors in C57BL strain mice after injection 
of 200-400 pe of yi31., All mouse strains tested to date have proved sensi- 
tive. Complete destruction of thyroid tissue appears necessary; trans- 


plantation of functional thyroid tissue or administration of thyroid hormone 


will inhibit tumorgenesis in athyroid hosts. 
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Similar tumors may be induced by surgical thyroidectomy (Dent, 
et al. 1956) or through blocking thyroid hormonal synthesis with propyl- 
thiouracil (Moore, et al. 1953). These tumors, as well as those resulting 
from radiothyroidectomy have been found to be functionally of the thyro- 
tropic type. All have a common denominator: a marked and sustained 
depression of the level of thyroid hormone, which in all probability, culmin- 


ates in tumors resulting from a sustained stimulation of thyrotrops. Furth 


(1957) has stressed that failure of a feed-back mechanism is decisive, 


whereas, Bielschowski (1955) has emphasized that the attempt to compensate 


for thyroxid deficiency is important in the pathogenesis of these tumors. 
The thyrotropic tumors have been found by Furth and colleagues to be 
dependent tumors, transplantable only to mice whose thyroid function is 
markedly depressed. Intime, however, through many transfers in isologous 
hosts, they may become autonomous. 

In contrast to results obtained with p31 Furth, (1955) observed the 
induction in mice of quite different neoplasms, functionally and morpholog- 
ically, following total body irradiation from an atomic detonation (Furth, etal 
1954). These were classed as mammotropic and adrenotropic tumors. The 
morphology and functional character of these new types have been described 


: sie ‘ 
by Furth. In contrast to thyrotropic tumors induced in I 31 rented mice, 


these neoplasms were autonomous, growing progressively in all normal mice 
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of the strain of origin. It has been suggested that in the induction of 
thyrotropic pituitary tumors in mice, total-body irradiation (or non-specific 
stress) is effective if given following y)31 (Gorbman, 1952; 1956). This 

is doubted by Furth (1957) who feels that X-radiation does not play a role 

in the induction of the thyrotropic types. There was some evidence from 
these studies of a correlation between irradiation dose and frequency of 
tumors if corrections were made for reduced longevity in the higher dose 
ranges. The optimal dose range appeared to be between 400 and 600 r; 
however, 192 r, the lowest dose used, was quite effective. 

In more recent studies in progress, 500 r whole-body X-radiation of 
strain L, strain A and LAF, hybrids resulted in mammotropic and adreno- 
tropic pituitary neoplasms. This same dose of irradiation of the head region 
alone, but not abdomen alone, was as effective as total-body irradiation. 
Adrenalectomy did not enhance the tumor induction by X-rays. 


131 and the result 


Apparently all, or most strains of mice respond to I 
is thyrotropic pituitary tumors, the induction of which is not influenced by 
superimposed X-radiation. The induction of the autonomous mammotropic 
and adrenotropic neoplasms has been recorded chiefly in LAF mice and it 


is to be noted that some of these neoplasms occur spontaneously in one of 


the parental strains, the L strain (See Furth, 1955). Although chromophobic 


adenomas associated with mammotropes may develop in some strains of 
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mice (Gardner & Strong, 1940) or rats if high levels of estrogen prevail, 
these tumors are ''dependent" or "conditional" and are transplantable only 
to estrogen-treated hosts. It would appear therefore, that certain pituitary 
neoplasms, induced by whole-body X-radiation, are indeed quite distinct in 


their functional and biologic characteristics from morphologically similar 


neoplasms induced by other methods. 
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d. Mammary Tumors 

There are reports in the literature concerning the appearance of 
mammary tumors, following ionizing radiation, in several species of 
animals. The most complete and pertinent information has been obtained 
from mice and rats. The most recent surveys of these findings are found 
in the reports of Lorenz, et al. (1951) and Furth & Lorenz (1954). 

The appearance of mammary neoplasms, principally adenocarcinomas, 
in the mouse has been shown to be influenced by genetic factors, hormonal 
factors, particularly estrogens, and a virus-like agent which is quite specific 
for mammary gland tissue. Normally, there is a striking tanerbagenttuiet 
among these factors and the expression of a neoplasm depends greatly upon 
the genotype of the mice being used. Consequently, attermpts to assess the 
role of irradiation in this complicated situation is indeed difficult. Slight 
metabolic disturbances may also drastically influence the frequency of such 
neoplasms. Calorie restriction (Tannenbaum, 1940), or feeding a low 
cystine diet (White & White, 1944) diminishes the frequency of these neoplasms. 
Although caloric restriction has been considered to result in hormone 
deficiency, this appears not to be the case, since inhibition results from a 
degree of caloric restriction which does not seriously affect mating and 
fertility. 


The chronic Y -radiation studies of Lorenz and co-workers (1951), 


reveal some interesting findings. The frequency of breast neoplasms in 





1508 FALLOUT FROM NUCLEAR WEAPONS TESTS 

C3H/He mice, a subline carrying the breast-tumor virus, was not influenced 
following exposures to 4.4 r, l.l r, 0.11 r and 0.44 r daily for 10 to 15 
months (Lorenz & Heston, 1954); whereas, in C3Hf/He mice, a subline 
freed of virus, and in LAF, hybrids, there occurred an increased frequency 
following chronic radiation. Among the latter, the typical morphologic 
form, adenocarcinoma, was increased and, in addition, 25% sarcomas 
were found where norewere observed among controls. Increasing daily dose 
rates did not significantly influence the incidence or age at appearance of 
the carcinomas, and 2.2 r daily was found to be optimal in contrast to the 
response of ovarian and pulmonary neoplasms among this same irradiated 
group. The appearance of the unusual sarcomas of the breast was observed 
also in C3Hf/He mice receiving 8.8 r daily if these mice were maintained 
as virgins. These histologic dissimilarities may reflect etiologic differ - 
ences and demand further exploitation. 

Earlier, Furth & Furth (1936) and Furth & Butterworth (1936) found 
that the overall incidence of mammary tumors in acutely irradiated mice 
actually decreased, although there was a suggestion that the frequency was 
high among those irradiated mice later developing granulosa-cell tumors of 
the ovary. 

The findings obtained in chronically irradiated C3Hf/He mice (freed 


of virus) require further amplification, Non-irradiated C3Hf/He mice 


maintained as virgins have a mammary carcinoma incidence of 4 percent; 
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if these are bred intensely, the frequency is 38 percent in the particular 
subline used in this study. Among the chronically irradiated virgin C3H 
mice, free of virus, mammary sarcomas predominated, the incidence 
being 30 percent at 17.1 months. Twenty percent of these females had 
mammary carcinomas. The mean accumulated dose of V -radiation was 
3570 r and there occurred a 36 percent reduction in mean survival time. 
Previous studies had shown female mice of this subline to be sterile after 
500 r total dose, independent of the dose-rate (Lorenz & Heston, 1954). 
It is of interest to note that irradiation of the same subline of C3H mice, 
those carrying the mammary virus (Lorenz & Heston, 1954) with daily doses 
as high as 4.4 r per day revealed no change in the frequency of these neoplasms. 
Although Furth & Lorenz (1954) suggest an association between the 
presence of hormone-secreting ovarian tumors, those of the granulosa- 


cell type, and the increased frequency of neoplasms of the breast, particu- 


larly sarcomas, this relationship is not clear. Inthe group of LAF mice 
1 


receiving 0.11 r daily at the lowest dosage level used, 25 percent sarcomas 
were observed after an accumulated dose of only 80 rto 150 r. At the 
highest dosage level, 8.8 r per day, no sarcomas, but granulosa-cell 
tumors were observed, Further, in chronically irradiated C3Hf/He mice, 
the mean age at appearance of breast neoplasms is approximately 16.5 


months, while in intensely bred females, the mean age is 20. 3 months, 
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Holicroft, et al. (1957), observed little or no change in frequency of mamma 
carcinomas, but a striking increase of ovarian neoplasms in the same 
subline of C3Hf mice, free of the mammary virus, acutely irradiated with 
X-rays. Excessive estrogen stimulation in mice bearing granulosa-cell 
Ovarian neoplasms would therefore not appear to account for the early 
appearance of the neoplasms. It is known too that DBA/2 mice, treated with 
methylcholanthrene, develop mammary neoplasms morphologically similar 
to those observed in irradiated mice, yet ovarian neoplasms are not associate 
with these induced neoplasms (Andervont & Dunn, 1950). Biologic tests for 
the presence of the mammary tumor virus in neoplasms arising in the 
irradiated C3Hf mice, discussed above, failed to reveal the presence of the 
mammary tumor virus. 

Furth, et al. (1954) noted an increased frequency of mammary neoplas 
in LAF, mice receiving acute ionizing radiation from an experimental 
nuclear detonation. It was stated that sarcomas, in contrast to adenomas 
and adenocarcinomas, appeared later in life. No specific histologic classi- 
fications were given nor information of the relationship of hyperestrogeni- 
zation (coexistence of various tumors) to morphologic type of mammary 
neoplasm. Doses from 192 r to 687 r appeared effective as carcinogens. 

Chronic exposure of CBA strain to fast neutrons, as reported by 
Neary, et al. (1957), resulted in an increased frequency and early occurrence 


of mammary tumors at the maximal radiation dose of 6.4 rads per week. 
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No sarcomas, but a few mixed carcinoma-sarcomas, along with typical 
adenocarcinomas were observed. Interestingly, other neoplasms, except 
tumors of the nasopharynx, which normally occur earlier in this strain, 
were not increased in frequency by the fast neutron irradiation. 

The limited, though interesting, reports concerning the relationship 
of radiation to induction of neoplasms of mammary tissue in mice, indicate 
striking strain differences in response, particularly to chronic irradiation. 
The dissimilarity in response, depending upon the presence or absence of 
the mammary tumor virus in mice of the same genotype (C3Hf/He) requ: 2s 
further exploration, as does the genesis of the rare sarcomas appearing 
after relatively low total doses of radiation. 

Generally, the common tumor of the mammary gland of the rat is 
fibroadenoma and estrogens are known to play a role in the inductimof tu se 
neoplasms. Unfortunately, non-homogeneous rats have been used in 
radiation studies, and difficulties in interpreting the effects of radiation 
may be expected. The varying incidences of spontaneous neoplasms « -urring 
in Sprague-Dawley rats, for example, housed in different laboratories should 
be noted. 

An increased frequency of mammary tumors has been reported 
following exposure to chronic whole-body X-radiation (Metcalf & Inda, 1951), 


to neutrons from the cyclotron (Leitch, 1945), to direct f-radiation 


(Passonneau, et al. 1953), to supralethal whole-body X-radiation in protected 
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rats (Finerty, et al. 1953; Brecher, et al. 1953; Binhammer, et al. 1957), 
and in Sprague-Dawley rats sublethally irradiated by X-rays (Shellabarger, 


211 


et al. 1957), and by administered Astatine , an X-ray emitter. 


Among 48 Sprague-Dawley rats receiving either 200 r or 400 r of 


7 -radiation or 400 r of X-radiation, 76 mammary tumors were observed 


within an 1]1-month period, the earliest appearing 85 days after whole-body 
exposure, (Shellabarger, et al. 1957). More than half were adenofibromas 
or fibroadenomas and many animals had multiple tumors. Similarly, Sprague 


Dawley female rats given at?}l 


, at a level of 0.5 pS per gram of body weight, 
presented mammary tumors in 73% of the animals in a 12-month observation 
period. (Durbin, et al. 1958). Chromophobe adenomas of the anterior 
pituitary and adenomas of the adrenal cortex were observed in the ar??? 
treated rats and were apparently not found in those receiving V ~ and X- 
radiation. Although Davis, et al, reported a frequency of 57 percent spon- 
taneous mammary tumors in Sprague-Dawley rats, a strikingly higher 
number of malignant neoplasms were stated to have appeared among the at?it 
treated rats. Mammary tumor induction by whole-body X-radiation in 
Sprague-Dawley rats was reported by Cronkite, et al. (1957) to be intimately 
associated with endocrine disturbances. Few rats, ovariectomized before 
irradiation, developed mammary tumors, while shielding the ovaries during 


radiation, or implantation of unexposed ovaries resulted in frequencies 


similar to that encountered in the intact, irradiated animal. 
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In contrast to the above results, Koletsky and Gustafson (1955) 
reported many benign and malignant tumors at various sites, except the 
mammary gland, in those lethally X-radiated, Wistar white rats that 
survived the radiation syndrome. Similarly, mammary tumors were 
uncommon in an inbred strain of rats receiving whole-body X-radiation 


in the lethal range, but protected by various methods (Maisin, et al. 1955). 
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7. Other Neoplasms 
Gastric adenocarcinoma is rare in animals. Some attempts have 
been made to induce such neoplasms with carcinogenic agents and with 
ionizing radiations (Moore, et al. 1953), without much success. A recent, 


interesting finding is the appearance of 5 percent adenocarcinomas and 


Squamous cell carcinomas in LAF, mice receiving an acute exposure to 


fast neutrons in the sublethal range of 270-520 rep. (Nowell, et al. 1958). 
In one-third of these mice hyperplastic mucosal lesions were observed with 
progressive invasion of the submucosa. In addition, mucoid carcinoma 
distant to the stomach in the cecum and small intestine occurred with a 
greater frequency. In contrast, severe occlusive arteriosclerosis was 


associated with a lower frequency of mucosal lesions in LAF, mice receiving 


l 
whole-body X-rays (800 r) and protected with isologous splenic cells. Only 
a Single adenocarcinoma of the glandular stomach was observed. However, 
in this laboratory, the most common neoplasm found in mice of various 
genotypes given lethal whole-body X-radiation (700 r to 900 r) and protec- 
ted with either isologous or homologous bone marrow cells, was that 
involving some portion of the gastrointestinal tract. The pathologic diagnosis 
of these neoplasms is not yet firmly established. (Uphoff, personal commun- 
ication). 

In Holtzman rats X-radiation in the supralethal range (900-1100 r) 


resulted in a group of neoplasms predominantly of intestinal origin (Brecher, 
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et al, 1953), whereas lower levels, 700 r, resulted in neoplasms of non- 
intestinal origin. The hypothesis has been advanced that intestinal injury 
from radiation is a prerequisite to neoplasia (Binnhammer, et al. 1957). 
The induction of carcinoma of the colon in rats following injection of radio- 
active yttrium was mentioned earlier. These neoplasms were associated 
with polypoid hyperplasia and ulcerative colitis (Lisco, et al. 1947). 
Although adrenal cortical tumors are fairly common in some strains 
of mice and appear after castration in others or following irradiation 
(Upton, et al. 1954), few spontaneous tumors of the adrenal medulla have 
been reported. In two strains, however, their appearance, following 
irradiation with whole-body X-rays, seems established. Pheochromocy- 
tomas in the BRS strain (Smith, et al, 1949) and adrenomedullary neoplasms 
in C3Hf mice receiving 400-900 r have been reported. (Hollcroft, et al. 1957). 
Another neoplasm, adenocarcinoma of the Harderian gland, which is 
extremely rare in mice, was reported by Furth and colleagues (1954) in 


greatest frequency in both sexes of LAF, mice receiving radiation from 


1 


high-energy VY -rays and fast and slow neutrons from an experimental 


nuclear detonation. These appeared also with a lesser frequency in RF 


mice (Upton, et al. 1954), receiving thermal neutron irradiation. The induc - 


tion frequency was stated not to be dose-dependent in the LAF, series and 


made their appearance in the lower dose ranges. The probability of finding 
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neoplasms among mice receiving high total doses was not great because 
of the long latent period of 15 to 17 months. 

Various neoplasms of many different sites, including liver, uterus, 
pylorus, cecum, kidney, etc., appear in experimental animals following 


radiation. Usually these are not numerous and the relationship to radia- 


tion has not been clearly established. 
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IV. Conclusions and Summary 

In this attempt to review some of the pertinent information available 
relating to carcinogenesis of ionizing radiation, it is clear that neoplasms 
result from whole-body irradiation given in short exposures or protracted 
over long periods of time. Most of the literature concerning the use of 
localized external radiation has involved extremely high doses. The carcin- 
ogenic effects of certain types of non-uniform irradiation has been investi- 
gated experimentally with a large number of radioactive materials but 
particularly with the bone-seeking radioactive isotopes where the dose is 
confined chiefly to the bone and immediately adjoining tissues. Differential 
effects have been noted and particularly the work with p>, Au! 98 and 
thorotrast, the latter two non-bone-seeking isotopes, needs to be extended. 

A large variety of morphologic forms of tumors (and neoplasms) have 
been induced and it is clear that in many instances new neoplasms, those 
which have not ordinarily been observed in the particular strain used, have 
been recorded following irradiation (See particularly Holicroft, et al. 1957; 


Furth & Lorenz, 1954; Koletsky & Gustafson, 1955). Clearly, in other 


89 90 


instances, for example, using Sr~’ or Sr”” in CF, mice, the incidence of 
certain neoplasms, in this case neoplasms of reticular tissues, appears 
not to have been influenced. However, the latent period is noticeably 


shortened. These instances probably represent different mechanisms of 


carcinogenesis. 
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Diverse and complex events are recorded in studies of the patho- 
genesis of ovarian, pituitary (thyrotropic as well as adrenotropic and 
mammotropic), mammary and thyroid tumors, those representing the 
abscopal effects of radiation. Indirect effects of radiation appear to be 
responsible also for the appearance, at least in certain inbred strains of 
mice, of lymphocytic neoplasms of thymic origin. It is to be emphasized 
again, however, that evidence is accumulated to indicate that the mechan- 
isms concerned with radiation induction of other neoplasms of reticular 
tissues such as generalized lymphocytic neoplasms, granulocytic leukemia, 
the reticulum cell sarcomas, plasma cell neoplasms, etc., are quite differ- 
ent. The scopal effects of radiation, resulting in neoplasms arising in the 
target area, are represented by osteosarcomas and other bone neoplasms 
and neoplasms of the cutaneous tissues. Among the latter, however, there 
is some evidence to indicate that neoplasms arise, not in the irradiated 
tissue, but in adjacent tissues (See Glicksmann, etal, 1957; Marchant & 
Orr, 1955). These observations were recorded when massive insults were 
given, however. 

Most of the experimental work deals with inbred strains of mice and 
with rats, the latter, unfortunately, were in general not genetically homo- 
geneous groups. Nevertheless, striking species and strain differences 


have been revealed. It is likely, however, that species differences will 


become less pronounced when a greater experience is obtained with more 


and varied inbred strains of rats. Until recently, for example, it was 
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presumed that rats were strikingly resistant to the leukemogenic properties 
of X-rays (See Mole, 1956), yet the more recent findings, discussed above, 
show this not to be true. 

In considering possible carcinogenic effects of small doses of radiation, 
25 r or below, those for example used during certain diagnostic procedures, 
it is clear that little or no immediate histologic or functional changes may 
be observed in the irradiated tissues. Even in the most radiosensitive 
mammalian tissues, it has been suggested that 25 to 50 r are required to 
produce observable changes. The rapid rate of repair, however, in such 
tissues as the blood-forming or gastrointestinal tissues may obscure actual 
histologic changes resulting from radiation. Further, as stated earlier, it 
is not known that histologic changes necessarily precede carcinogenesis. 

There is little clinical evidence on the subject, however the peak 
incidence at 3 to 4 years of acute lymphocytic leukemia in children, the 
suggestive evidence of increased sensitivity to radiation of foetal tissues 


and of the tissues of children demand that particular attention be given to 


the effects of low doses of radiation of foetal, embryonic and of early 


neonatal tissues. Experimentally, the Russells (Russel & Russell, 1952, 
1954) have studied the effects of X-radiation of various dose levels, 200 r 
and below, on the incidence of abnormalities in inbred strains of mice. The 


type of damage observed and its severity depended critically on the state of 
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development at which radiation was accomplished. These studies, never- 
theless, suggest that observable effects are to be expected at levels as 

low as 25 r, More recently, Russell and Major, (1957) have reported the 
induction of coat color mosaics following total-body irradiation of 10.25- 
day-old embryonic tissues heterozygous for four coat color genes. The 
method adopted by these workers allows one to distinguish the genetic 
effects of irradiation from the developmental effects. Recessive mutations 
in somatic tissues appear to be the most likely explanation for the results 
obtained, using 100 r X-radiation to the pregnant mother. Interestingly, 
the calculated somatic mutation rate was found to be strikingly similar to 
the germinal rate induced in spermatogonia for the same four loci. 

There is evidence to indicate carcinogenic effects of low total doses 
of irradiation in experimental animals. Bilateral ovarian neoplasms in 
C3H mice following 50 r and probably 32 r, but not 25 r total-body X- 
radiation, myeloid leukemia in RF mice receiving 16 rem of fast neutrons, 
mammary tumors in Sprague-Dawley rats given 25 r whole-body X-rays 
are examples. In this laboratory (Uphoff & Law, unpublished) preliminary 
evidence has been obtained to indicate the effect of single whole-body 
exposures of 25 r X-rays on the appearance of neoplasms of reticular 
tissues (except thymic lymphomas). The latent period is shortened if 


irradiation is accomplished within the first 24 hours of the postnatal period. 
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This informatinn and the evidence indicating that 16 to 32 rem are 


leukemogenic for myeloid leukemia definitely rule out the possibility that 


a prolonged depression of blood-forming tissues is necessary for the 
development of neoplasms of reticular tissue. Prolonged depression of 
blood-forming tissues or specifically a disturbance in the growth equilibrium 
of thymic tissues may be necessary, however, for the induction of thymic 
lymphomas. 

Much has been written concerning the dose-response relationship in 
radiation carcinogenesis, particularly as it pertains to radiation-induced 
leukemias in man. The pitfalls of such retrospective studies were discussed 
earlier (See also Brues, 1958). In discussions of the possible mechanisms 
of radiation carcinogenesis, analogy has been drawn between the production 
of point mutations in germ cells and the frequency of certain neoplasms as 
it relates to threshold, linearity of response and dose and intensity of 
radiation (dose rate) (Mole, 1958; Brues, 1958). It is well to bear in mind 
that there are a variety of possible genetic mechanisms which may account 
for changes in phenotype such as that expressed by the neoplastic cell: 
quantitative changes in the balance of chromosome parts or whole chromo- 
somes, resulting from non-disjunction, deletions, polyploidy or chromosome 
rearrangement; changes in gene constitution resulting from somatic crossing 


over or point mutations, virus infection leading to changes in phenotype of 
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the host cell and transduction or similar phenomena of cell to cell transfer 
of genetic material. The arguments advanced for and against the somatic 
mutation hypothesis refer principally to the point mutation. By analogy with 
radiation-induced mutations in Drosophila spermatozoa, certain basic 
criteria should be fulfilled: the absence of a threshold, linearity of dose 
and response and independence of changes in cellular environment such that 
radiation intensity (dose rate) does not influence the mutation rate; that is, 
a direct randomly determined alteration in the genetic material should be 
expected. The danger in attempting to draw such an anology seems not to 
be fully realized. Analysis of point mutations in spermatozoa or oocytes 
following irradiation is a relatively simple matter accomplished by classical 
genetic studies and these effects are determined within a relatively short 
time after irradiation. On the other hand, there is no method available at 
present to determine in irradiated somatic tissues the role played by 
selection or of the influence of the physiological state of the surrounding 
tissue, either as a direct or indirect result of irradiation; further, the only 
means of detecting the change is through expression of the neoplasms. Thus, 
the difficulty of determining whether the "somatic mutation" explanation of 
radiation carcinogenesis for a given neoplasm is reasonable or not lies not 
so much with the presently inadequate data, as discussed earlier, but with 


the inability to analyze genetically, changes in somatic cells (See Schultz, 195! 
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Some changes in our ideas about radiation-induced point mutations 
seem in order following the work of Russell, et al. (1958). Contrary to 
the expectations of the equal mutability of all germ cells and the indepen- 


dence of dose rate, these investigators report differences in the mutation 


rates of spermatogonia of the mouse obtained with chronic Y -radiation 


as opposed to X-rays. Specific locus mutation rates for spermatozoa on 
the other hand were not influenced by the intensity of irradiation. The find- 
ings of a lower mutation rate following chronic irradiation in metabolically 
active spermatogonia may indeed signify the possibility that a threshold 
exists even for induced point mutations. An analysis of the factors concerned 
with these differences in response, is of immediate interest to those working 
in radiation carcinogenesis. It was pointed out earlier that one of the 
arguments advanced against the possibility of somatic mutation being of 
importance in radiation-induced thymic lymphomas in mice was the depen- 
dence for expression of the neoplasms on dose-rate (Mole, 1958). Thus the 
arguments advanced against the somatic mutation possibility in radiation 
carcinogenesis do not necessarily hold. It is to be expected that radiation 
effects in somatic tissues will parallel the findings in metabolically active 
spermatogonia rather than in spermatocytes. 

The existence of a long latent period before the appearance of certain 
neoplasms folléwing irradiation has been discussed. The experimental 


results of Brues and co-workers especially concerning bone neoplasms 
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show this to be in the order of 5 to 8 months for the mouse and the same 

phenomenon has been observed in other species. It has been impossible 

to shorten the period significantly under most intense stimulation. It is 

not known, however, whether the genotypic change occurred early and the 
for expression 

phenotypic manifestation required a certain time/, or whether the genotypic 

change occurred relatively late. Histologic studies would appear inadequate 

to resolve the dilemma since these would provide little information concern- 

ing the possible "progression" of neoplasms (See Foulds, 1954). An interest- 

ing and reasonable theory which considers the many factors concerned, 

particularly in skin carcinogenesis, and adequately explains the latent 

period, has been proposed by Failla (1958). It is difficult, however, to see 

how this can be put to experimental test. 

Little can be said about the relative biological efficiency (RBE) of 
different types of radiation as applied to radiation carcinogenesis. It is 
doubtful that the biologic and physical criteria demanded for such compar- 
isons have been met in any single carcinogenesis experiment (See Mole, 
1958). In recent years the RBE of several types of radiation have been 


determined for a number of biological responses in mammals (Storer, et al. 


1957) and for chromosomal aberrations in Tradescantia (Conger, et al. 1958). 


In these carefully designed and controlled studies, it is clear that the RBE 


for two different radiations vary with the type of biologic response studied, 





FALLOUT FROM NUCLEAR WEAPONS TESTS 1525 


being high for one response and unity or less for another response. Some 
attempt has been made to determine the RBE of comparable a- and f-radiations 


by deposited isotopes using bone tumor formation in mice (Brues, 1955). 


9 


Here sr® 


was compared with radium and the RBE for bone tumor induction 
(a/B) was of the order of 1, whereas between the a-emitter Put 39 and Sr®°9 
it was of the order of 20. The difference between other a-emitters and 
radium is probably the result of differences in the localization in bone. 

In summary, it may be stated that only a beginning has been made in 
the attempt to solve some of the basic problems in cancer biology. The 
carcinogenic hazards from irradiations of various types and sources present 
serious problems. It is likely that more serious problems may be faced as 
our experience in man and laboratory investigations are extended. Some 
guiding principles may be drawn and some investigators have attempted to 
do so, but it is clear that these are not yet known to be applicable to radia- 
tion carcinogenesis in general. The facts indicate a multiplicity of mechan- 


isms by which neoplasia is induced by irradiation. 
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Evaluation of Data Relating Human 
Leukemia and Ionizing Radiation’ 


A. W. Kimpatt, Oak Ridge National Laboratory, 
Oak Ridge, Tennessee 


Summary 
J. Nat. Cancer Inst. 21: 383-391, 1958 


The central argument of this paper is a discussion of the statistical reliability 
of existing data relating human leukemia and ionizing radiation. Conclusions 
reached by some observers, partly on the basis of statistical techniques having 
questionable applicability, reveal a confidence in the accuracy of estimated 
leukemia rates that is difficult to justify. Several sources of error are outlined 
in detail, and their effect on the use of certain standard statistical methods is 
illustrated. The conclusion is reached that available data are insufficient to 
support any conclusion about the shape of the dose-response curve, particularly 
in the low-dose region. 


In the years that have passed since World War II, increasing attention 
has been given by medical and biological scientists to the effects of ionizing 
radiation on living organisms. For obvious reasons, the greatest accumu- 
lation of knowledge in this field has come from experiments with animals 
and microorganisms. In spite of the great advances that have been made, 
we still know relatively little about the effects of radiation on human 
beings, partly because data of this kind are scarce but mainly because 
humans are not ordinarily used as experimental subjects when personal 
risk is involved. Many important questions remain unanswered because 
scientists are unable to design and execute the necessary experiments. 
With controlled experimentation virtually eliminated as a source of infor- 
mation, investigators have been forced to rely on retrospective studies. 
The retrospective study has proved to be one of the most useful tools of 
medical and public health scientists. Briefly, it consists of selecting from 
a population individuals having certain characteristics, often some disease, 
and then conducting a thorough examination of the past experience of 
each individual in order to determine what factors might be associated 
with the characteristic. Some of the recent studies on smoking and lung 
cancer, for example, have been retrospective. Although such studies are 
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useful when properly evaluated, they can also be misleading when inter- 
preted without regard for pitfalls that are frequently present. 

This paper is concerned primarily with the reliability of data relating 
human leukemia and dose of ionizing radiation. Recently the available 
data on this subject were assembled and evaluated by E. B. Lewis (1). 
Included in Lewis’ survey were individuals from 4 different groups: 1) 
survivors of the 1945 nuclear explosions in Japan, 2) patients irradiated 
therapeutically for ankylosing spondylitis, 3) children irradiated thera- 
peutically for thymic enlargement, and 4) radiologists. Strictly speaking, 
the study of these 4 groups is not retrospective in the sense that individuals 
were selected because they had leukemia. On the other hand, they were 
selected retrospectively in the sense that they possessed some special 
characteristic that led to their irradiation. 

It is easy to see how data obtained in this manner might differ from 
data obtained by first selecting individuals at random from a population 
and then irradiating them. For example, if one is studying leukemia 
incidence and it should turn out that the population selected in retrospect 
is more susceptible to leukemia than the general population, any estimate 
of incidence obtained from the retrospective study would be biased relative 
to the general population. The point to be emphasized here is that 
retrospective studies can be, and frequently are, subject to greater errors 
than those associated with controlled laboratory experiments. 

In some scientific quarters, but by no means in all, Lewis’ paper has been 
interpreted as proof that there is no threshold dose for the induction of 
leukemia by ionizing radiation. Among the published comments is the 
editorial entitled ‘‘Loaded Dice’? by Graham DuShane (2), Editor of 
Science, who says in part, “‘E. B. Lewis (p. 965) shows that there is a direct 
linear relation between the dose of radiation and the occurrence of 
leukemia . . .,” and, ‘Thanks to Lewis, it is now possible to calculate— 
within narrow limits—how many deaths from leukemia will result in any 
population from any increase in fallout or other source of radiation.” 
Others, while not disputing the widely accepted fact that ionizing radiation 
does induce leukemia, feel that the question of a threshold dose is far from 
settled. Without intending to detract from Lewis’ otherwise penetrating 
discussion and summary of existing data on this subject, the present paper 
purports to show that our knowledge of the correct limits of error for 
leukemia rates in irradiated human populations is insufficient to support 
definite conclusions. In this connection, it is relevant that a former mem- 
ber of the Atomic Bomb Casualty Commission, closely connected with the 
leukemia study in Japan, has expressed similar sentiments (3) with respect 
to the presently available Japanese data. 


Basis for Statistical Methods in Research 


Statistics is a relatively new discipline among the fields of science, and 
its use by the research worker has grown rapidly during the past 25 years. 
This growth has been accompanied by a substantial increase in our 
knowledge of the mathematical foundations of statistical theory, but in 
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spite of these advances many kinds of data cannot be examined sta- 
tistically unless the scientist makes certain assumptions about the con- 
ditions under which the data were obtained. Only in rare instances can 
such assumptions be proved, mainly because experimental subjects 
seldom behave exactly as if they were black and white balls in an urn. 
Nevertheless, statistics, when properly applied, has an important role 
in the evaluation of experimental data, and a careful consideration of the 
necessary assumptions is essential. 

In practice, the statistician is willing to accept some departures from 
the rigorous framework underlying his methods, but not before he at- 
tempts to assess the relative magnitudes of the departures and their 
possible effect on his ultimate analysis. Generally speaking he prefers 
to be conservative, and in most cases this means that if he knows that 
one of two procedures is correct but cannot identify which it is, he will 
choose the one that yields the larger estimate of error. This assures 
him that if his analysis leads him to state, ‘The probability is 0.95 that 
the interval (A, B) includes the true mean, z,” the correct probability 
will be equal to or greater than 0.95. Despite his willingness to allow 
some leeway in the assumptions, every statistician is eventually con- 
fronted with data that are subject to a large number of errors about 
which he has little or no quantitative information. Under these con- 
ditions, statistical analysis is of questionable value. There is every 
indication that the presently available data relating leukemia death rates 
and radiation dose fall into this category. 

The real point at issue is the extent to which Lewis’ analysis has ad- 
vanced our knowledge of the relationship between radiation dose and 
leukemia incidence, particularly with respect to the existence of a threshold 
dose. In this connection there is at least a reasonable doubt that the 
statistical assumptions inherent in his analysis can be justified, and the 
following sections of this article are intended to establish such doubt. 
The Japanese data are mentioned most often because they are the only 
data cited that could conceivably provide direct evidence about low doses, 
i.e., doses in the range in which a threshold is of most interest. 


Recognizable Sources of Error 


In the previous section it was stated that the assumptions underlying 
the use of statistical methods can seldom be proved for any particular 
experiment. Occasionally it is possible to demonstrate mathematically 
that certain assumptions, such as homogeneity of errors, are not satisfied, 
but more often any particular assumption is as hard to disprove as it is 
to prove. In the majority of cases then, the user of statistical methods 
must assemble all past and present information that might be pertinent 
to data of the type in his experiment and that might assist in evaluating 
the validity of the methods he proposes to use. For mature research 
workers, most of this information will be the general aggregate of their 
own past experience. For younger investigators or in unusual experi- 
mental situations, it is often not safe to proceed without a careful con- 
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sideration of the conditions under which the data were obtained, par- 
ticularly as these conditions relate to the statistical assumptions. The 
following illustration shows how easily errors in assumptions can arise. 

In dominant lethal mutation studies with Drosophila, mutation rates 
are estimated from counts of the numbers of unhatched eggs out of the 
total number laid. In order to obtain sufficient data, it is usually neces- 
sary to make counts for several vials. Because of environmental and 
other differences, the vial-to-vial variability in percentage unhatched 
is usually much greater than one would expect for relative frequency data, 
that is, greater than binomial variability. It is not unusual, however, 
to find limits of error for data of this type computed on the basis of the 
binomial distribution, simply because the data take the form of relative 
frequencies. Such limits, of course, are too narrow, and Cochran (4) has 
given correct methods of analysis for this case. The relevance of this 
particular illustration should become apparent later. 

Let us turn now to the human data relating leukemia incidence and dose 
of ionizing radiation. The first step in determining what statistical as- 
sumptions are reasonable for these data should be a consideration of the 
errors that may have been involved in their collection. Proper identifi- 
cation of errors is necessary whenever statistical methods are to be used, 
as the previous example clearly shows. Broadly speaking, errors inherent 
in experimental data can be classified as gross errors, biases, or random 
errors. Gross errors result from poor arithmetic, faulty transcription of 
numbers, etc., and we are not concerned with these in this paper. Biases 
result from many different causes, the net effect of which is to yield esti- 
mates that are consistently too large or too small. Random errors are 
defined in a succeeding paragraph. Frequently in repeated experiments, 
errors that ordinarily would be attributed to bias vary from one experi- 
ment to another, that is, the bias is not constant. This occurs, for ex- 
ample, when factors capable of affecting the outcome of an experiment, 
such as age or weight of subjects, are not held at constant levels from one 
experiment to the next. For convenience, and to distinguish them from 
truly random errors, these have been called extraneous errors. 

Any of the aforementioned types of error may be present in the leukemia 
data. It would be futile to attempt to cite every possibility, but the 
specific sources listed below should be sufficient to demonstrate the com- 
plexity of the situation for readers unfamiliar with this kind of data. 

(a) Dosimetry errors—The measurement of radiation dose is not exact 
even in the best-equipped laboratory. Obviously, in the case of the 
Japanese exposures, no direct measurements on the ground were possible. 
Furthermore, the two detonations were qualitatively and quantitatively 
dissimilar, and the two cities were topographically very different, thus 
providing quite different shielding effects. Lewis’ dose-distance curves 
were constructed from data presented by Neel and Schull (5). These 
authors give neutron and gamma component curves separately for each 
city. The gamma curves are comparable but the neutron component is 
considerably greater in Hiroshima. The assumption that neutrons are 
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1.7 times more effective in producing leukemia than gamma rays yields 
remarkably similar dose-distance relationships for the two cities, where- 
upon the conclusion is made that it is legitimate to pool the leukemia cases 
from both cities. It is indeed hard to believe that effects in the two cities 
due to differences in the detonations and differences in shielding have 
balanced one another in such a way as to yield the curves presented. 
Certainly Neel and Schull (5), who have been very closely associated with 
this study, give no indication that they were able to reach such a 
conclusion. 

Dosimetry for some of the other sets of leukemia data is possibly some- 
what better than the presently available dosimetry in Japan, but these 
other data present a new problem. Little or nothing is known about the 
etiology of leukemia. If a threshold dose for the induction of leukemia 
exists, its magnitude might easily depend on the manner in which radiation 
is administered, that is, whether in one large dose, in a series of small 
doses, or chronically. The data include examples of several types of ad- 
ministration, and comparisons among them are certainly not precise 
enough to support with any confidence the conclusion that acute and 
chronic radiation exposures yield similar leukemia rates. Thus, if one 
considers all aspects of the dosimetry problem, it should be clear that the 
apparent agreement among the calculated leukemia rates per individual 
per year per rad for the four sets of data may be highly fortuitous. The 
truncation errors discussed below add further strength to this observation. 

(b) Sampling bias—In studies on human populations, the question of 
sampling bias is always foremost. Experts in the field of sample surveys 
have long been plagued with this problem, several examples of which have 
occurred in connection with predictions of presidential elections. When 
sampling bias is present, group differences which appear to be statistically 
significant with respect to the factor being studied may in fact be due to 
extraneous factors that were not equally represented in both groups. 
Efforts are always made to control known sources of bias before samples 
are taken, but experience shows that these efforts are seldom successful in 
eliminating all causes of bias. Three sets of the leukemia data deal with 
very special groups, two that were ill when first irradiated and the third, 
a group of radiologists. Apparently there is no evidence that would sug- 
gest any correlation, other than that due to radiation, between the char- 
acteristics of these groups and the incidence of leukemia. On the other 
hand, with so little really known about leukemia, it would be difficult to 
state categorically that no such correlations exist. If they do exist, con- 
clusions based on these data could not be applied legitimately to the 
general population. 

Of the four sets of data, the Japanese data are perhaps best from the 
point of view of sampling bias, in the sense that the exposed population 
is more representative of the entire population. Here, however, the in- 
vestigators were forced to rely almost completely on the patient’s recol- 
lection (several years after exposure) of his position at the time of ex- 
posure for the purpose of assigning him to a dose or distance category. 
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Although great care was exercised to ascertain the accuracy of such 
recollections, some errors have undoubtedly been made. 

(c) Truncation errors —From animal studies, it is well known that the 
distribution of ages at death in irradiated populations is different from 
that in unirradiated populations. Irradiated populations tend to die 
earlier, and to some extent certain diseases become relatively more im- 
portant. Thus, when one compares two such populations with regard to 
a specific disease incidence before all members of both populations have 
died, the distributions of ages at death are truncated at different per- 
centage points in the distributions. Clearly, in the Japanese situation, 
if leukemia victims in the irradiated group tend to die earlier than those 
in the control group, the incidences that will prevail in these populations 
after all members have died may be considerably different from the ones 
Lewis has calculated. In particular, the control group incidence will be 
relatively greater, and the dose-distance relationship, if linear now, will 
certainly not be linear when complete data become available. Wald’s 
more recent tabulation (3) suggests exactly this, so that truncation errors 
of this kind are a definite possibility. 

(d) Random errors.—In addition to errors (a) to (c) and others like 
them, some or all of which may be negligible in any one experiment, 
there are the random errors which form the basis of statistical theory. 
They occur when a population is sampled because the sample is virtually 
never an exact replica of the population. Only when one’s sample in- 
cludes the whole population do the random errors vanish. In the leu- 
kemia data, the random errors are binomial, but the incidences are small 


enough so that the binomial distribution may be approximated adequately 
by the Poisson distribution, if desired. 


Application of Statistics to the Leukemia Data 


With the background provided by the previous sections, it must be 
clear that before attempting a statistical analysis of the leukemia data, 
one must decide what assumptions about error are reasonable. Random 
errors are most certainly present and from statistical theory we know 
that they would be binomial if the sample sizes were accurately known. 
In the Japanese data this is not true. The sizes of the exposed popula- 
tions, i.e., the sample sizes, were estimated by methods described by Neel 
and Schull (5). Thus, appropriate random errors for the Japanese data 
will be greater than binomial (or Poisson) by an amount related to the 
precision of the estimated population sizes. Probably more important, 
however, is the matter of extraneous errors. Neither the existence nor 
the absence of these errors can be proved, but workers in the field of 
radiation biology will recognize that some of the errors mentioned in the 
preceding section and others like them are most certainly present in all of 
the leukemia data. Our difficulty is that data of this kind are so sparse 
that we have no way of accurately assessing the magnitude of extraneous 
errors, and no way of imposing an upper limit on them. Under condi- 
tions in which accurate information about errors is lacking, any statis- 
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tical analysis based on the assumption that only binomial errors are 
present must be interpreted with reservation. 

In view of this, it is appropriate to examine the statistical methods vse! 
by Lewis and to see how they are related to the threshold problem. ‘Tis 
methods include the construction of confidence intervals based on the 
Poisson distribution and use of the standard chi-square technique for 
testing the difference between two binomial populations. The distribu- 
tion theory that underlies these methods makes no allowance for any 
errors other than binomial or Poisson errors. To see explicitly how this 
assumption affects the statistics, consider the chi-square test on page 970 
of Lewis’ article. Here he is testing the difference between the leukemia 
incidences among survivors of the Japanese explosions in zone C (p,) and 
zone D (p2), representing average doses of 50 rem and 5 rem, respectively. 
The formula for x? may be expressed as 


Pi—P2 


V p (1—p) (x ty.) 


x= 


where N, and N; are the numbers of exposed individuals and where p is the 
combined incidence for both groups. It may be seen above that the chi- 
square test is actually a ¢ test with the variance of (p,—p2) assumed to be 
p(l\—p) (N,-'+N,7'); that is, binomial error has been assumed. The data 
vield a x? of 5.6 which corresponds to a significance level of about 2 percent, 


as stated. At this point in the discussion it is inferred that because the 
difference is significant, there can be no threshold dose, at any rate, none 
above 50 rem. Suppose now that extra-binomial error contributes twice 
as much to the total variance as does binomial error, not too unusual for 
some biological data. In this event, the x? would be reduced to 1.9. This 
corresponds to a significance level of about 24 percent, and one would hesi- 
tate to conclude that the observed difference between zones C and D is a 
real one. The numbers themselves are unimportant, but the possible 
effect of extra-binomial errors on the tests of significance is of great im- 
portance, in view of the conclusions reached by some observers. Kendall 
(6) discusses the statistical theory of both extra-binomial and extra-Poisson 
variation and gives an actual example. He also indicates how difficult 
it is ‘to find material compiled outside the laboratory” that conforms to 
binomial or Poisson distributions. 

In various places throughout the article the Poisson distribution has 
been used to construct confidence limits. It should be pointed out that 
an error has been made in computing these limits.? More important, 
however, is the fact that the correct Poisson limits are too narrow, perhaps 
by a large factor, unless all extraneous variation is negligible. 

On page 969, 17 observed deaths from leukemia are compared with an 
“expected” number of 3.4 deaths. Based on the Poisson distribution, a 


2 The limits referred to as 95 percent limits are actually 90 percent limits. 
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test is made of significance of the difference between the 2 numbers. The 


test is valid only if there is no extra-Poisson error and if 3.4 is a known} (/) Ls 












constant. In fact, the number 3.4 is not without error and any statistical } (?) os 
test would have to take this into account. Apparently the number does 8) 
represent some sort of arbitrary upper limit on the true expected value, > () ¢ 
but one cannot make probability statements on this basis. 
(5) N 
Conclusions 
The most obvious conclusion to be drawn from the foregoing discussion | (6) K 





is that statements attributing great accuracy to radiation-induced lev- 
kemia rates in human populations are open to serious question, particularly 
those which suggest a strictly linear dose-response relationship. Lewis 
did not claim to have established linearity between leukemia incidence 
and radiation dose, although he implied that linearity is a strong possibil- 
ity. From the purely methodological point of view, nothing has been 
done statistically that would either support or disprove the hypothesis 
of linearity. The linearity hypothesis precludes per se the concept of a 
threshold dose. About the latter, Lewis says, ‘““Thus these data provide 
no evidence for a threshold dose for the induction of leukemia.” and later, 
“This finding also fails to support the concept of a threshold dose below 
which leukemia will not develop.”” One has to admit that Lewis has 
avoided stating the definite conclusion that there is no threshold dose, 
although the mode of expression clearly implies this conclusion. The 
wording is unfortunate because, from a strictly statistical point of view, 
both statements could equally well have been replaced by similar ones 
stating the failure of the evidence to support the hypothesis of no threshold 
dose. In other words, the evidence is insufficient to support either 
hypothesis, and this is about the only conclusion one can safely reach 
from the data presented. It should also be apparent that the quotation 
referring to the prediction of radiation-induced leukemia incidence 
“within narrow limits” has absolutely no basis even by indirect inference 
from the article. It is important to emphasize this point because other 
scientists have made statements implying similar beliefs about the preci- 
sion of the calculations. 

Finally, a word of caution is necessary. This article may be interpreted 
by some readers as representing a point of view opposite to that inferred 
by Lewis (and adopted more confidently by others), but in reality its 
only purpose is to emphasize the shaky grounds on which any definite 
conclusion would be based. Nothing that is said here should be taken as 
an argument supporting the hypothesis of a threshold dose for the induc- 
tion of leukemia by ionizing radiation. An attempt to use the same data 
to establish a threshold would be open to similar criticism. The only 
sound conclusion to be made is that, in spite of the established fact that 
ionizing radiation induces leukemia, evidence at the present time is 
insufficient to justify any hypothesis about the shape of the dose-response 
curve. We can only hope that scientists working on this critical problem 
will soon provide us with adequate evidence. 
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Representative Ho.irretp. Thank you, Dr. Law. We have a few 
questions. We will probably have to put on Dr. Crow and Dr. Russell 
as the first afternoon witnesses because of the time lag. Dr. Tompkins 
is now going to direct some questions to whichever of you gentlemen 
wishes to answer, or both. 

Dr. Tompkins. Thank you, Mr. Holifield. 

Dr. Law, I would like to firm my understanding of one part of your 

repared testimony. In your prepared statement you say that the 
latest evidence obtained through 1957 concerning leukemia in the 
Hiroshima survivors gives no indication of a decline in the incidence 
or that a plateau in the occurrence of leukemia has been reached. Thus 
the likelihood must be considered that the final results, when the en- 
tire population has died, may indeed show different relationship than 
the present results would indicate. 

I would like to confirm, first of all, that the word “no” is there by 
intent and really reflects the trend of the data. 

Dr. Law. This is my interpretation of the data as I have seen them 
through 1957. Of course, I understand that there still may be addi- 
tional cases recorded for 1957. I do not detect a decline in the fre- 
quency or detect that a plateau has been reached for the frequency 
of the disease. 

Dr. Tompxrtns. I just wanted to establish firmly that your inter- 
pretation of the data was no decline. 

Dr. Law. That is right. This is my interpretation. 

Dr. Tompxrns. I just wanted to be sure that point was clear] 
established. I would like to address the next set of questions to bot 
of you jointly, if I may. 

I believe, Dr. Brues, in your testimony you covered the question of 
how many, or the relationship between leukemia or cancer incidence in 
mice and the concentrations of strontium. I believe both of you have 
touched on that question. It is my understanding that Dr. Finkel 
of Argonne did a very nice study involving this question and came to 
the conclusion that indeed a threshold does exist. She further came 
to the conclusion, as far as she could tell, no one at the present time 
has been a victim of leukemia due to fallout radiation. 

It is also our understanding that based on these same data, Dr. 
Pauling has issued a paper in which he concludes that the information 
presented is statistically not capable of distinguishing between the | 
question of threshold or no threshold. 

I would like to ask both of you gentlemen to please evaluate the 
status of this question at the present time. The question is: Is there 
enough evidence to draw a conclusion or is there not enough evidence 
to draw a conclusion ? 

Dr. Brues. I think there is net enough evidence at the present time 
to draw a conclusion that no case of leukemia has been produced by 
present fallout. I believe the sentence in question in Dr. Finkel’s 

per was one in which she indicated that it appeared extremely 
likely that this was the case. The rather scuolarly mathematical trea- 
tise based on this paper which Dr. Pauling published in the proceed- 
ings of the National Academy of Sciences was largely directed to the 
fact, which I think Dr. Finkel essentially agrees to, that an airtight 
proof on this had not been established, and that this could not be 
established without the use of many millions or billions of mice, which 
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is the statement that I made earlier in my testimony. That is a pure 
matter of statistics. The statement on the other hand was based on 
the fact that in the range where values are statistically significant, they 
do not fall on the straight line which comes out at the zero point, the 
one which I drew on the blackboard, but that in every case or practi- 
cally every case the slope is steeper than that. Those who have been 
proponents of the opposite point of view, I have noticed, have care- 
fully neglected to take this matter into consideration, and I think this 
is an important point. 

I think we all agree that we need to know more of this, and this is 
why some experimental work has been undertaken to use consider- 
ably larger numbers to get more significant points. 

Dr. Law. May I answer, too, since you addressed your question to 
me? I have said here in the statement that the present data though 
probably inadequate are consistent with the concept that there exists 
a threshold dose. They certainly are far from proving this. I feel 
that there are few data, even the published results of the studies of 
the strontium 0. I feel they are probably inadequate to solve the 
question at the moment of threshold or the question of proportion- 
ality, which I have not discussed. I feel that most of the ata ob- 


tained from the experimental animals probably are not sufficient to 
answer this. This certainly is not proof that there is a threshold. 
It is consistent with the concept that there may be a threshold. 

Dr. Tompkins. If one had to choose up sides on the threshold versus 
nonthreshold, should we then conclude that you would favor joining the 
ranks of the threshold advocates, as far as your experience and infor- 
mation is concerned? This is the impression I got from your testi- 


mony. 

Dr. Law. I feel that the inadequate data concerning only leukemia 
point in this direction. I want to point out again that there are 
so many variables such as the influence of the age of tissue irradiated 
or of strain or the possibility of cocarcinogens, which have not re- 
ceived any attention at all and which may make all the difference in 
the world in the expression of these responses. 

Dr. Tomrxtns. May I explore this just a little further. I believe 
the testimony has indicated that the linear hypothesis is based largely 
on evidence which has come up through the field of genetics, and it is 
the introduction of a genetically formulated theory and applied to 
all the cells of the body. It is my understanding that there are sev- 
eral people that really believe that this is a correct representation of 
a biological mechanism. There are also many who do not believe 
that this is true. 

From your point of view, Dr. Brues, if I understand your testi- 
mony correctly, you feel that this is not a permissive translation be- 
cause the one point genetic theory is not all-controlling? There are 
other equally important variables so you cannot use such a basic and 
simple hypothesis in the somatic field, is that correct ¢ 

Dr. Brurs. This is correct. Certainly as I have cited in my state- 
ment there are instances where one produces cancer by a mechanism 
which does not seem to be producing mutations in cells, but seems to 
be making life difficult for some tissue, and then cancer arises there. 
I don’t deny that some genetic change may be a part of the cancer 
process. But I would emphasize that this proportional theory is 
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hanging everything on the mutation, and saying that nothing else 
counts, or at least nothing else that has anything to do with radiation 
counts. Ithink that iserroneous. That is why I hesitate to say there 
is an absolute threshold. I can visualize people who have a perfect 
setup, a tissue that is in poor shape, exposure to a cocarcinogenic 
chemical, other genetic predilections, who might be all ready to 
develop cancer. They might get it from a single hit. 

Dr. Tomexins. Then I understand that the conclusions of the 1957 
hearings are essentially still valid; namely, that all the experimental 
observations that can be obtained on this subject do require total doses 
considerably higher than those under consideration at this time. 
Therefore, all conclusions by whatever hypothesis must be extrapo- 
lated a considerable distance from the current data. Is this a fair 
summarization of the current status ? 

Dr. Law. Yes. 
Dr. Brurs. Yes. 


Dr. Tompkins. I would like to push this point a little further but 
I think there are other points that are equally important, and there- 
fore I will drop for the moment, unless one of you has something 
additional you would like to say. 

Dr. Law. I did not have a chance to answer your question con- 
cerning the genetic and nongenetic concepts if this is what they are. 
I should think that at some time and some place some cancer is the 
result of a somatic mutation. The difficulty, of course, is in the at- 
tempt to prove this—this has been argued back and forth for years. 
When one is concerned with genetic effects, this is a simple matter 
of mating two cells and getting results. In somatic cells, for exam- 
ple, mammalian cells do not mate or fuse or exchange genetic material. 
One must come up with some other technique to show that a somatic 
change is taking place in the cell. Perhaps this is possible or will be 
possible in time. It is possible to show somatic changes in bacteria 
and other organisms in which genetic transfer of material occurs 
from cell to cell without mating. I know of no evidence available 
at the present time to show that this happens in mammalian cancer 
cells. If a cell actually mutates or a genetic mutation occurs as a 
result of radiation, we know practically nothing of the influence of 
the surrounding cellular environment on that cell, and of the processes 
of selection or of selective killing. Perhaps the mutated cell is at a 
disadvantage as far as the rest of the tissues are concerned. It is a 
question that cannot be answered directly. 

Dr. Tompkins. Dr. Brues, you quoted some results which I gath- 
ered from your statement was a personal communication from Dr. 
Upton. For the record, do you know what the dose rates or total 
doses used in the experiments were? 

Dr. Brues. I am sorry I don’t have Dr. Upton’s letter here. The 
single doses were fairly high single doses. I believe more than 100 
roentgens. The chronic dosage was done in a cobalt exposure room 
where the dose was given 23 hours a day, that is, almost continuously 
over the course of several months. Total doses came out the same. 
In one case he saw no leukemia, and in the other case that was the 
predominant disease that the animal suffered. 

Dr. Tompkins. Dr. Brues, do you know whether any of the animals 
were irradiated during the fetal stage or were all of the animals in 
this experiment irradiated after birth? 
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Dr. Brves. This is another matter which I found rather interesting. 
This was in a paper delivered by Dr. Upton to the meeting of the 
American Association for Cancer Research last month. He irradiated 
animals susceptible to myeloid leukemia—RF mice—at various ages, 
giving them doses of 50 or 100 roentgens. Again I don’t remember 
the exact dose, but it was a good leukemogenic dose. He found that 
the younger animals just after birth did not develop leukemia to any 
great extent, although there was a period in early youth when the 
animals did. He then pushed the thing back a little further and 
irradiated these animals in the last 2 or 3 days before delivery which 
would correspond to the time under consideration in Dr. Stewart’s 
investigation, and he found that these mice did not develop leukemia. 
In fact, these mice had less leukemia when they grew up than did the 
others. 

This may indicate a difference between mice and men. I am not just 
sure what it does indicate. It indicates that we cannot go directly 
into a mouse experiment which might show up the details of the 
Stewart phenomenon without a little more investigation. 

Dr. Tompxtns. I would like to move to another question, if I may. 
Your testimony, Dr. Brues, stated with regard to some of the material 
provided by Dr. Marinelli that in Lemont, IIl., that the gamma back- 
ground was approximately three-quarters of the natural dose rate. 
Would you explain to us, please, if the dose rate is three quarters 
background, why is not a 70- to 30-year dose also raised by the same 
amount ? 

Dr. Brvrs. I am not sure that I exactly understood the question. 

Dr. Tompxrns. Let me rephrase the question. You have stated 
you are dealing with short-lived materials. You also noted that in 
order to establish the actual significance of the dose rates that you 
were measuring you had to take into account the decay rate. My 
question is, it is customary among many people to multiply an ob- 
served dose rate at any time, whatever time is under consideration, 
and from this computing the total dose and hence the biological sig- 
nificance. I would expect many people to do the same thing with 
respect to this number. My question is why isn’t it right? 

Dr. Brues. This is the reason why these data were expressed in 
microrads per hour instead of the millirads per year which would give 
that impression perhaps more readily. I would say that the total 
dose over the course of the year following this—one can’t say exactly 
what this would be because one does not know how much more zir- 
conium is coming down while it decays—the total dose would be of 
the order of a tenth of the background dose. At the moment when 
this observation was taken, the dose rate was three-quarters of natura! 
background. 

Dr. Tompkins. Can the implication be drawn from this testimony 
that in dealing with fission products, particularly short lived fission 
products, one cannot simply multiply the dose rate observed at any 
time by any other convenient time. The relationship between time, 
actual radiation delivered, and observed dose rate is an extremely com- 
plicated one and correct deduction of the hazard requires that this 
complication be reflected in the analysis. 

Dr. Brurs. That is quite right. 

Dr. Tompkins. I would like to conclude now with just one point 

42165 O—59—vol. 2—-39 





1550 FALLOUT FROM NUCLEAR WEAPONS TESTS 


which I think perhaps is the most important. There has been sub- 
mitted for the record of the committee a statement by Dr. Lewis, of 
the California Institute of Technology, which bears on the proniee of 
possibility of tumors induced in thyroids of children and also another 
section covering the relationship between strontium 90 and leukemia 
(see p. 1552). Inasmuch as this testimony will appear in toto in the 
record, but has not appeared, and in order to establish. a background, I 
would like to very, very briefly have the principal points which Dr. 
Lewis made, and then ask your opinion of one of his conclusions. 

Briefly, he has come to the conclusion from the amount of iodine 
currently found in milk, as testified to yesterday by Dr. Wolf of the 
Public Health Service, it was possible that the thyroids of children 
drinking this milk would receive from this iodine 131 approximatley 
1.2 rads which he translates to roughly a doubling of the dose to the 
thyroid received from natural background. He also notes or raises 
the question whether radio iodine levels as low as these are capable of 
producing thyroid cancer is not known, and may not be known for 
many years. 

Further on, drawing again from exposure much greater than that 
of background, and with the assumption that proportionality is indeed 
permissible, he finds that it is possible to compute that of approxi- 
mately 40 million children under 10 in the United States, that will 
have received this amount of radiation over the past 5 years, that some 
80 to 1,600 cases of thyroid cancer might be expected, assuming these 
translations are indeed permissible. 

He also goes on to state that there is absolutely no way to demonstrate 
this. However, his concluding sentence applying to the treatment 
of thyroid cancer is probably one of the most significant that I have 
seen inalongtime. I would like to read it: 

On the linear hypothesis, it is the average dose over the entire population of 
the United States which is important and local hotspots do not then have the 
large significance that is often attributed to them nor from the linear hypothesis 
does the individual who receives a large does of radiation need to be alarmed 
since the individual's probability of developing a malignancy remains relatively 
low, even after heavy doses of exposure. 

In view of the fact that Dr. Lewis has been perhaps the principal 
proponent of the proportionality theory and it is his methods of com- 
putation that are often used by others, I think this interpretation of a 
relationship between or an application of a linear theory to a popula- 
tion is very, very significant. I would first of all like to obtain from 
you gentlemen your evaluation of this conclusion. 

Dr. Brurs. Am I to respond. 

_Representative Houirretp. May I pose a question and ask Dr. Tomp- 
kins, your succession of experts from the article are in harmony and 
purpose of the content of the article. They are not selected out of 
context ? 

Dr. Tompkins. My purpose of going through the summary was to 
establish the context under which Dr. Lewis made this final statement, 
so that it would not be misinterpreted or applied to places to which 
he did not intend. 

Representative Hoiirietp. You gentlemen have read the statement 
of Dr. Lewis. Since he is not present, I want to establish this point in 
ees to him. Not in doubt of my staff, I admit. It is for the 
record. 
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Dr. Brurs. Yes; I had a chance to read this briefly this morning. 
I will say that I think I agree with this statement of Dr. Lewis. This 
is not to be taken as agreement with some of his other hypotheses. 
What he is saying here, which I quite agree with, is that if the pro- 
portional 4 enmenan is correct, then we don’t need to worry about the 
distribution between high doses in some areas, and low doses in others. 
Whereas, if the curved line is the correct one and the effect goes up 
very much as you get higher doses, then you should want to look very 
sharply at those points where the dosage is high, because this is where 
you might get into difficulties. I think this is a very interesting 
statement. I quite agree with it there in the sense that in selecting 
one or the other of these hypotheses, you would be inclined to take a 
somewhat different view. 

Representative Hoxirrecp. For further clarification this refers to 
somatic effects and not genetic effects. 

Dr. Brurs. As I understand it, he is referring here to somatic effects 
onthyroid. In the case of genetic effects, I would say the distribution 
probably almost is irrelevant, but not entirely. 

Dr. Tomrxrns. I would like to point out that you can carry this 
method one step further, even. The conclusion is that one is entitled 
to draw from this statement, and I am sure these conclusions will be 
drawn, that is in the proper treatment of the linearity hypothesis as 
applied to large populations, one is not entitled to draw a correspond- 
ingly direct relationship to the personal injury to any individual. 
If sucha relationship in truth exists, one would not be entitled to come 
to this conclusion. Individual hotspots is of small concern and no 
individual need be alarmed at personal injury to himself. I wanted 
to bring the point up because it is the confusion between what aus 
to the individual versus what must be considered as something which 
can only be seen in terms of a whole population has been one of the 
main reasons why it has been so extremely difficult to get what looks 
like a clear statement on the subject. 

I would like to ask one question of both of you gentlemen. Dr. 
Lewis’ statement applies specifically to thyroid and low levels of iodine 
131. However, I think the principle is a fundamental one. Do you 
gentlemen believe that one is entitled to draw the same correlation 
between strontium 90 in the bone to local hotspots and local excesses 
of concentrations for strontium 90 distribution that has been derived 
by Dr. Lewis forthe thyroid? Is such a translation valid ? 

Dr. Law. I am sorry that I have not had a chance to read this sum- 
mary, and I would rather not comment at this time. 

Representative Horirtetp. We will take this matter up further 
in the panel this afternoon, and there will be an opportunity at that 
time. Do you care to make a comment, Dr. Brues? 

Dr. Brues. If we were to accept the linear hypothesis literally, 
and I trust I have made it clear that I don’t, then I think that the 
hotspot distribution ceases to be of importance until one gets up to 
levels of radiation very much higher which are going to kill individuals 
in an obvious way. It is a little difficult to answer a question which 
is based on a premise to which I don’t subscribe. 

Dr. Tompxtns. I would like to make one other observation. I 
agree that many of our witnesses have not been concerned about the 
hotspot problem. However, on behalf of the committee I am also 
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aware that people who may be living in such areas are concerned, 
and it is part of my purpose to attempt to draw the specific technical 
facts that lead to the conclusion so that they can reach this themselves, 

Representative Horirtetp. Thank you, Dr. Tompkins. Thank you, 
gentlemen, for your testimony. We will excuse you at this time, if 
there are no further questions. 


I would like to insert at this point a statement by Dr. E. B. Lewis: 
(The statement referred to follows :) 


STATEMENT OF Dr. E. B. Lewis’ 


This statement will be concerned with two aspects of the somatic effects of 
fallout radiation. Part I is devoted to a serious fallout hazard whose im- 
portance had not yet been fully appreciated at the time of the 1957 hearings on 
fallout of the Special Subcommittee on Radiation. Part IT is a brief account 
of some developments since 1957 in the field of human leukemia and ionizing 
radiation. 


PART I. THE RADIATION HAZARD FROM THE RADIOIODINES IN FALLOUT 


It has become increasingly clear since 1957 that the radioiodines in fallout 
are a special hazard to infants and children. This hazard arises from a variety 
of reasons. Radioiodine is a significant fraction of the fresh fission products 
released by nuclear weapons explosions. Grazing cattle ingest and inhale the 
radioiodine in fallout and then concentrate it in their milk. Infants and chil- 
dren are expected to ingest more of the isotope than will adults since fresh 
cow’s milk is the principal source of fallout radioiodine in the human diet and 
young people obviously drink more fresh milk than do adults. As has long 
been known, iodine isotopes, natural and radioactive, concentrate in the thyroid 
gland. Moreover, for the same amount of radioiodine orally ingested, the in- 
fant thyroid receives some 15 to 20 times the dose that the adult thyroid re 
ceives. (Briefly, this is because more radioiodine is taken up by the infant than 
by the adult thyroid: as a result many more of the short-ranged iodine-131 
beta rays will be generated in a gram of infant than in a gram of adult thyroid 
tissue.). Finally, in spite of its small size, the infant thyroid may be more 
susceptible than the adult thyroid to cancer induction by ionizing radiation. 

It should be noted that the special hazard of radioiodine to infants and young 
children was clearly recognized as early as 1955 in connection with considera- 
tions of hazards arising from nuclear reactors (1). Its importance has been 
clearly brought out more recently in studies of the Windscale accident in Eng- 
land (2). 

From published data by Campbell et al. (3) on the amount of iodine-131 in 
fresh cow’s milk during a 16-month period commencing June 1957, it can be 
estimated (4) that the thyroid glands of the average infant and young child in 
the United States have received doses of beta radiation from this isotope that 
amount to roughly 0.1 rad to 0.2 rad per year. (This is approximately one to 
two times the dose they would receive annually from natural background 
radiation.). There is some reason to: believe that such doses have been de 
livered annually over the last 4 or 5 years of weapons testing. 

Whether radioiodine levels as low as these are capable of producing thyroid 
eancer is not known and may not be known for many years. However, it is 
known from studies by Simpson and Hempelmann (5) that individuals who 
received X-ray doses of several hundred r. units to the chest region in infancy 
for treatment of an enlarged thymus show a highly increased rate of thyroid 
cancer. Thus, these investigators found 10 cases of thyroid cancer in 1,502 
children who had been irradiated in this way and who were traced for an aver- 
age followup period of about 13 years. In the “control” composed of 1,933 
siblings, no cases of thyroid cancer were observed. The observed increase in the 
irradiated series is statistically highly significant. The elapsed time between 
irradiation and onset of thyroid cancer in this series of individuals ranged 
between 5 and 20 years. The average absorbed dose delivered to the thyroid 
gland of the 1502 treated infants is not known exactly but can be inferred to be 


1B.A., University of Minnesota, 1939; Ph. D., California Institute of Technology, 1942. 
Professor of biology, California Institute of Technology, Pasadena, Calif. 
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in the range of about 200 to 400 rads. If is is assumed that a linear relationship 
exists between incidence of thyroid cancer cases (6) per year and dose delivered 
to the thyroid region in infancy, then the probability of thyroid cancer lies 
roughly between 5 x 10° and 5 x 10° per individual per rad per year over at 
least the first 15 to 20 years following the irradiation. Stated in another way, 
if the relationship between incidence of thyroid cancer and dose is a linearly 
proportional one between 0 and 400 rads, then a single dose of 1 rad delivered 
to a population of 1 million infants would be expected to give about 10 to 100 
cases of thyroid cancer over the first 20 years of life of that group. To have 
a minimum estimate it will be assumed that this is also the number of cases 
which would develop over the entire lifespan of this group as a result of the 
initial irradiation. 

Recent evidence indicates that children as well as infants who receive thyroid 
irradiation have an increased thyroid cancer experience. That is, children 
treated for hyperthyroidism with radioiodine showed an increased rate of thyroid 
eancer (15). 

Over the last 5 years it may be surmised that about 40 million children (under 
10) in the United States have experienced an average total accumulated dose 
from the radioiodines in fallout that is equal to about 0.2 to 0.4 rad. If such 
individuals experience the same probability of thyroid cancer per year per rad 
as the infants in the thymus-irradiated series, then some 80 to 1,600 cases of 
thyroid cancer might be expected to develop over the lifetimes of these 40 million 
individuals. The number of cases predicted in this way is seen to be a small 
percentage of the total number of individuals involved. However, neither total 
number of cases nor the percentage they represent of the total population are 
adequate measures of the extent of human suffering which would be involved. 
These numerical estimates have been presented merely in order to give some idea 
of the magnitude of the damage which might result in the United States from 
the radioiodine released in past weapons tests. 

If there is a threshold for the induction of thyroid cancer and if this threshold 
has not yet been exceeded, then no cases of thyroid cancer may trace to fallout 
from past weapons tests. On the other hand, there have been extremely wide 
variations in radioiodine levels, with time and with locality, which will have to 
be taken into acgount before it can be said even on the threshold hypothesis that 
no damage could have resulted from past tests. Moreover, many children receive 
doses of medical X-rays that are near if not over the threshold dose for the induc- 
tion of thyroid malignancy and on the threshold hypothesis these individuals are 
those most sensitive to the added radiation from fallout. On the linear hypoth- 
esis it is the average dose over the entire population of the United States 
which is important and local hot spots do not then: have the alarming significance 
that is often attributed to them nor, from the linear hypothesis, does the indi- 
vidual who receives a large does of radiation need to be alarmed, since the indi- 
vidual’s probability of developing a malignancy remains relatively low even after 
heavy dose exposures. 


PART II. NEW FINDINGS IN THE FIELD OF HUMAN LEUKEMIA AND IONIZING RADIATION 


Since 1957, the most significant development in the field of human leukemia 
in relation to ionizing radiation has probably been the publication in June 1958 
of the extended findings of Alice Stewart and collaborators (7). These investi- 
gators studied the radiation histories of the mothers of the majority (83.6 per- 
cent) of children under age 10 who were reported to have died of leukemia or 
other malignant disease in England and Wales during the years 1953-55. Com- 
parison with a “control” group of 1,742 mothers of a matched set of five chil- 
dren, showed that a greater number of mothers of the children who developed 
cancer had received abdominal X-ray examinations during the relevant preg- 
nancy. Moreover, this difference was statistically highly significant. Recently, 
Lejeune and Turpin (8) have concluded from an analysis of these results that 
a dose of one to three r units delivered to a fetus 7 to 8 months old suffices to 
double the normal incidence of leukemia in children under 10 years of age. 

Noteworthy also are the studies of Manning and Carroll (9), and of Polhemus 
and Koch (10) which show a positive association between leukemia and thera- 
peutic X-rays in childhood. Studies by Kaplan (11), and by Polhemus and 
Koch also consistently show a positive association between prenatal X-ray ex- 
posure and development of leukemia in childhood. However, a statistically 
significant association was found only in the case in which Kaplan compared 
prenatal exposure in leukemic children with prenatal exposure of the sibs of 
such children. In this connection it should be noted that each of the U.S. 
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studies has thus far involved a much smaller number of leukemia cases than 
did the British studies. There are also added difficulties in the U.S. studies 
owing to apparently more widespread irradiation of the “control” children in 
this country than in Great Britain. 

These studies and others (12-14) that have been reported since 1957 have 
contributed results which are in substantial agreement with the conclusions 
drawn in testimony presented by the present witness at the 1957 hearings. As 
far as evaluating the risk of developing leukemia is concerned, the newer findings 
emphasize the importance of keeping in mind the possibility of a greatly in- 
creased sensitivity of the fetus (and perhaps of the young child) to radiation- 
induced leukemia. No attempt will be made here to evaluate the extent of in- 
crease since 1957 in the dose to the bone marrow from fallout levels of radio- 
cesium and the radiostrontiums. However, it should be noted that the dose to 
children’s bone marrow from past weapons tests has probably been much lower 
than the dose to their thyroid glands (pt. I). Since the radioiodine from 
past weapons tests has now largely vanished while strontium 90 and, to a lesser 
extent, cesium 137 will continue to irradiate bone marrow for some time to 
come it is difficult to evaluate the relative number of thyroid cancers verus 
leukemias which might result from fallout already released. It, of course, is 
still more difficult to compare the number of cases of somatic versus genetic 
injury which might result from fallout radiation. Presumably, the genetic 
damage is the more significant in terms of individuals ultimately affected but 
this is no longer quite clear in view of the relatively much higher doses that 
radioiodine delivers to the thyroid compared to fallout radiation doses to the 
gonads. 
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Representative Hotirretp. We are going to request Dr. Wright 
Langham to come to the stand for a few minutes. Senator Anderson 
has some questions as a result of former testimony. 


STATEMENT OF DR. WRIGHT LANGHAM,' LOS ALAMOS SCIENTIFIC 
LABORATORY 


Chairman Anperson. Doctor, I think as a preface, I ought to show 
you a cartoon which you may not have seen, which shows a great safe 
with some iron chains around it, entitled “Information on Nuclear 


1 See biographical sketch, p. 1061. 
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Fallout,” a heavily barred door, bundles of keys, and a man standing 
there saying, “What makes you think we are trying to conceal any- 
thing ?” 

I was guilty of a little article in a magazine last Sunday in the 
New York Times magazine in which I mentioned the earlier study 
which you had made along with Mr. Cowan and E. C. Anderson in 
1957. I said the report was received by the Atomic Energy Commis- 
sion on October 21, 1957, and attempts began immediately to have it 
declassified. The report finally was declassified about 2 week ago— 
we were having some interesting comments on declassification at that 
time—and was sent to me by Atomic Energy Commissioner Willard 
F. Libby with a notation that it was somewhat out of date. I said 
in this article I understood that Dr. Langham and his colleagues 
are in the process of preparing an updated version of their study. 

It would be interesting to see whether this paper, too, will hibernate 
for 3 years before it is turned loose. 

Just this morning the Joint Committee received a letter from the 
Atomic Energy Commission stating that it is impossible to declassify 
your study because it contains material related to the United States- 
United Kingdom total fission yield. This has a confidential tag on 
it, but it says if the document is not used, it can be unclassified. It 
says to make it possible to publish these charts, which are referred 
to in another study, it was necessary for the Commission to obtain 
the concurrence of the United Kingdom and of the U.S. intelligence 
agencies. In granting these concurrences the United Kingdom and 
the agencies made it clear to the Commission that the charts repre- 
sented the furthest extent to which they felt it possible to go without 
jeopardizing information of vital concern to them. Consequently, in 
reviewing Dr. Wright Langham’s revised article, we find it is not 
possible to declassify it, since taken in conjunction with the charts 
just described, it will release the United Kingdom contribution to 
radioactive content of the atmosphere for which we do not have 
United Kingdom concurrence. 

In addition it would also release information concerning the Soviet 
contribution for which intelligence approval is not available. 

I would like to see your article published. I looked at it, and I 
thought it was fine. Is there any way that you can avoid reference to 
the charts in question and give us the updated version of your pre- 
vious study, that study now having been declassified ? 

Dr. Lancuam. I think, Senator Anderson, yes, this can be done. 
The history more or less of this document was, I think about as fol- 
lows: After the last hearings you may recall that an issue was made 
over the testimony submitted by Dr. Lapp as regards the rate of 
production of strontium 90 from nuclear weapons tests. I, knowing 
certain classified information, knew that Dr. Lapp had, from his 
sources which were unclassified, overestimated the production of stron- 
tium 90. I went back to Los Alamos and proceeded to submit a 
document for declassification which would give numbers certainly 
more precise than the ones Dr. Lapp had been able to manage from 
his unclassified sources. 

The document went out according to the dates you have mentioned. 
I wrote Dr. Libby, and Dr. Libby assured me that it was being con- 
sidered and it was finally declassified. 
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Chairman Anperson. Yes; but only after some comment by me 
about classification a couple or 3 weeks ago. It was reposing very 
safely up until that time. I am not trying to question your state- 
ment. As you know, Doctor, I have the greatest respect for you and 
your work. I should not interrupt. You go ahead with your state- 
ment. 

Dr. Laneuam. At least I was notified that the document was de- 
classified. This much I do know. The document did contain infor- 
mation which made it unclassifiable by the local Los Alamos office, and 
it was not declassifiable according to the classification guide, which 
meant that it required higher action than could be given locally. 

Chairman Anperson. Didn’t the Los Alamos people think it was 
perfectly safe to turn it loose in 1957? 

Dr. Lancuam. They did the only thing which they could do, which 
was to send it to higher authority with the recommendation that they 
thought it should be declassified. This they did. 

Chairman Anperson. I am sorry. I did not mean they declassi- 
fied. They sent it on saying it could be declassified. 

Dr. Lancuam. They said in their opinion it could be and should 
be declassified. 

Chairman Anperson. Should be declassified. It got in here in Octo- 
ber 1957, and in April of 1959 it was declassified. 

Dr. Languam. Yes. 

Chairman Anverson. At that time I not only requested of them, but 
had the privilege of visiting you about it, and you informed me that 
you were preparing an updated version. I awaited that updated 

version with a great deal of interest, I think the public might have 
a right to it. I see the statement by the General Advisory Committee 


to the U.S. Atomic Energy Commission dated May 4, and they make 
a finding: 


We find that the Atomic Energy Commission has released all significant data 
to other agencies and to the public— 
significant fallout data. I regarded your study as significant fallout 
data. Iam sorry to find that it is tied up and—this letter is not secret 
when taken away from the document—this last paragraph reads, “The 
Commission believes that the publication of the three charts”’—and 
those were not in your manuscript ? 

Dr. Laneuam. That is right. 

Chairman ANDERSON (reading) : 

Above provides more information than the Langham article. The Commis- 
sion does not believe, therefore, that the restriction is based upon the AEC which 
prevents the declassification of Dr. Langham’s article at this time will have 
any significant effect upon the public’s understanding of the fallout problem. 

Of course, I think the public has a right to decide whether it needs 
some help in understanding the fallout problem. The Commission 
may not. Therefore, I was wondering if there was any way that these 
charts of yours, which, as I understand, do not refer to the three 
charts he is referring to, could be reworked by you in another at- 
tempt to see if we can get it to the public? 

Dr. Laneuam. They certainly can be reworked. I am sure the 
conflict here is strictly one of manner of presentation. I believe the 
three charts that have been released have released more information 
than would have been released had they adopted declassifying my 
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article, and keeping their charts classified. It so happens that they 
could not declassify both of them. They had to decide whether to 
hold mine classified or to hold the charts which they had prepared. 
It isa manner of either method of presentation would have been de- 
classifiable, but both together would not. Someone merely had to 
make the decision to hold mine classified and declassify those, or keep 
theirs classified and declassify mine. I think what they did is fine 
in this regard. I am sure the thing has been accomplished which 
1 know I am proud to have accomplished, and which I think you 
would be, too. A lot of good information has been made available 
to the public. 

Chairman Anperson. Yes, I am sure of that. I want a statement 
by you as to what possibility there was on the additional charts. I 
take it, then, that you feel it was better to have released these charts 
than to have released your article if only one could be made public. 

Dr. Laneuam. Yes, I sincerely believe this. I still, of course, 
have the opportunity of going back now and reworking my paper and 
using the information which now I know is declassified, and perhaps 
in this case I will not have to send it all the way to Washington to 
get it declassified. 

Chairman Anperson. I appreciate that very much, Doctor. As you 
know, I have quoted you in season and out of season for a long time, 
and visited you and talked these things over with you, and have the 
greatest respect for the work you have done. I have a telegram 
which you may decline to comment on if you wish, but it comes from 
a reputable publication, and got into my office only a few minutes 
ago: 

Dr. Wright Langham testified at yesterday’s hearing that with no further 
tests average strontium 90 bone concentration of the world’s population will 
reach 7 or 8 strontium units. Since infants and young children accumulate 
strontium 90 at nearly 10 times the rate that adults do, I respectfully urge 
that you question Dr. Langham as to the bone level that may be expected in 
children from zero to 24 years of age. 

Would you want to comment on that? I realize you have no obli- 
gation to. 

Dr. Laneuam. Yes, of course. The population weighted average 
level of 7 micromicrocuries per gram of calcium is a level projected 
to equilibrium conditions, which means that this is the maximum 
that children may be expected to reach or anyone for that matter, 
who comes into equilibrium with the biospheric contamination. It is 
merely that those of us who formed most. of our bones before this 
level of fallout occurred will never reach equilibrium. We will not 
have time. While children will approach the equilibrium level. So 
the value that is given is the maximum average equilibrium level 
of children or anyone who happens to come into equilibrium with the 
biosphere. It, of course, will be children that will come closest to 
equilibrium and reach equilibrium first. 

Representative DurnHam. Doctor, would you say what a micromicro- 
curie means ¢ 

Dr. Lancuam. A micromicrocurie per gram of calcium means that 
each gram of calcium in the bones of an individual who has one micro- 
microcurie will be receiving only two strontium 90 beta ray disintegra- 
tions per minute. This is an extremely small amount. 
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Representative DurHAM. Does it mean a millionth of a millionth / 

Dr. Lancuam. If you wish to express it in curies, it is a millionth of 
a millionth of a curie. 

Chairman Anperson. I want to explain, Mr. Chairman, I am not 
trying to be critical of the way you have run this hearing, because I 
think it is very fine. We all get these comments and requests for 
information. I have been trying to say rather than argue about a 
residence half life of 2 years or 7 years, I think the Joint Committee 
may be asking one question of this particular group—Do we have 
enough data at this time about fallout, its nature, and its effects, on 
which to base a sound policy for living with present contamination 
and for making decisions about further contamination? Is the circle 
of the probable error so small as to permit us to lay out a program 
for the future or is it so large as to make policy decisions dangerous 
until future data are available ? 

I want to congratulate the witnesses that have thus far appeared. 
As you know, I have been engaged in other activities in other parts of 
the Capitol. I nonetheless appreciate the testimony that has been 
given. 

I say to you, Dr. Langham, I did not call you back to try to pick any 
quarrel with you on the fact that this is not released. I only wanted 
to find out for myself so that I might explain to others why your 
material has not been released. I think the answer isa very satisfactory 
one, and I appreciate it. 

Dr. Lancuam. Thank you. 

Representative Honirretp. Thank you, Senator. Thank you, Dr. 
Langham. 

The question the Senator proposed will be the subject of part of 
the panel discussion this afternoon. We will have a departure from 
the printed outline for a few minutes. Senator Pastore brought into 
the early morning session the article which appeared in a local news- 
paper, and the Chair made some comments on the article and the 
author of the article, my friend, Ed Gamarekian, has requested to 
make a statement regarding the article. So he will be given that 
courtesy in all fairness to him at the beginning of the afternnon 
session. The subject involved in his article will also be a subject of 
questions to the panel this afternoon. Following Mr. Gamarekian’s 
statement we will have genetics effects of radiation, Dr. Crow and 
Dr. Russell, of Oak Ridge National Laboratory, as the first two wit- 
nesses on the schedule. 

The committee is adjourned. 


(Thereupon at 12:55 p.m., a recess was taken until 2:00 p.m., the 
same day.) 

































































































































































AFTERNOON SESSION 






Representative Horirietp. The committee will be in order. 
This afternoon we will briefly depart from our schedule to hear 
a statement from Mr. Edward Gamarekian. Mr. Gamarekian has 
asked to be heard regarding discussions this morning on his article 
dealing with radioactive content of bread in New York State. 
While we are departing from our regular list of witnesses at this 
time I thought in fairness to Mr. Gamarekian who is a very fine 
reporter and knows a great deal about atomic energy that he should 
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be given an opportunity to speak at this time. The subcommittee 
is glad to approve your request. 
(The article by Edward Gamarekian referred to above follows:) 


[Article in the Washington Post and Times Herald, Thursday, May 7, 1959] 
AEC ReEvEALS NEw YoRK BREAD EXCEEDED STRONTIUM 90 LIMIT 


(By Edward Gamarekian, staff reporter) 


Atomic Energy Commission figures inserted in the record of a congressional 
hearing yesterday disclosed that the white bread sold in a New York City super- 
market on February 19 had a radioactive strontium 90 content equal to four 
times the maximum “permissible” limit. 

Whole wheat flour from an Illinois mill reached levels 6 times the limit when 
compared in one of the usual ways and 18 times the limit when compared a 
second way, the figures showed. 

When the AEC published the figures in a report on milk and foods that was 
submitted to the Joint Congressional Subcommittee on Radiation it did not 
make any comparisons with the maximum “permissible” limit for foods. The 
comparison is based on the new limits adopted by the International Commission 
on Radiological Protection. AEC representatives have indicated during the 
past 2 days of hearings that they have accepted the new limits, at least un- 
officially. 

EVEN OVER OLD LIMITS 


The U.S. Committee on Radiation Protection has not yet issued newly revised 
“permissible” limits for the general population. Use of the old limits, which 
are 2.4 times as high, would still put the New York bread and Illinois flour over 
the “permissible” level. 5 

An AEC spokesman said last night that the white bread samples tested may 
have become mixed up with some whole wheat bread samples from the same 
baker, since the whole wheat bread showed strontium 90 levels only one-four- 
teenth as high—a result just the opposite of that expected since milling re- 
moves the strontium 90 deposited on the wheat by rainfall. New samples from 
the same baker are being checked along with other samples from other parts 
of the country, he said. 

The results will not be available for at least 2 months. The sources of the 
wheat for the New York bread and the Illinois whole wheat flour are not 
known, he stated. 

Several weeks ago, Minnesota wheat samples from the 1956-58 period showed 
comparable levels of strontium 90. 

Another AEC report inserted in the record yesterday showed that in 1957, the 
strontium 90 level in plants grown in several parts of the United States had 
exceeded the “permissible” limit for foods. Although the plants were not the 
kind eaten by humans, they indicated what the strontium 90 level might be in 
edible varieties. 

SAMPLES FROM FOUR STATES 


“Permissible” limits were exceeded in samples collected from Georgia, New 
Jersey, New York and Utah. 

None of this information was included in the oral testimony yesterday. All 
of it was in printed reports submitted for the record. The Government scien- 
tists who testified kept to average figures which were low and assured the 
Congressmen there was no cause for alarm. 

Dr. C. L. Comar of Cornell University described a number of ways in which 
the strontium 90 hazard might be reduced but told the committee there was no 
need to take such action at the present time. 

Several times during yesterday's hearing, Committee Chairman Chet Holifield 
(Democrat, California), asked the scientists who were talking in terms of 
national and global averages to describe the situation in the “hot spots’’—the 
sections of the country in which the radioactivity is well above average. He 
was promised each time that the “hot spots” would be discussed at a later time. 

During the noon recess, however, one of the scientists stated privately that 
the effects in “hot spots” could be “five times the average and even more.” 

Senator Clinton P. Anderson, chairman of the Joint Atomic Energy Comumit- 
tee, took sharp issue at the morning session with Merrill Fisenbud, manager of 
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the AEC’s New York operations office. Eisenbud had just stated that the faster 
rate of fallout now taking place had the advantage of bringing the atomic debris 
out of the atmosphere sooner. 


Anderson interrupted: “When you were here at the fallout hearings 2 years 
ago, you told us how good it was that the atomic debris was not coming down 
so fast, since this gave it time to lose some of its radioactivity. 

“Now you tell us, how good it is that it’s coming down so fast, since this 
means there is less left in the stratosphere. 

“No matter what happens, you keep telling us how good it is. Now which is 
it?” 

Eisenbud had no reply. There was an embarrassing pause and the hearing 
moved on. 













Would you please proceed ¢ 


STATEMENT OF EDWARD GAMAREKIAN, REPORTER, THE 
WASHINGTON POST 











Mr. GAMAREKIAN. I appreciate this opportunity to testify before 
you because I know it is highly irregular for a member of the press 
to appear. 

This morning some statements were made about an article which 
appeared in this morning’s paper, which I wrote, and the impression 
was left that the article was irresponsible, and this is why I asked 
to have a few minutes to testify. 

I submit, Mr. Chairman, that this article was not irresponsible, 
that these are the facts based on figures which are not my figures but 
which are figures which appeared in the Atomic Energy Commission’s 
report presented to this committee yesterday. 

I would like to begin by reading the lead paragraph of the article 
because I think it sums up the item in question. 



























Atomic Energy Commission figures inserted in the record of the congressional 
hearing yesterday disclosed that the white bread sold in a New York super- 
market on February 19 had a radioactive strontium 90 content equal to four 
times the maximum permissible limit. Whole wheat flour from an Illinois 
mill equaled six times the limit when compared a second way the figures told. 

Mr. Chairman, because it is difficult to deal with figures with the 
general public we did not give the actual numbers. So to present this 
I would now like to give the figure for the maximum permissible limits. 
This figure has been established by the National and International 
Committees on Radiation Protection and is established for water. 
Until a few weeks ago the figures for water were 80 micromicrocuries 
per liter or per kilogram. 

The Public Health Service has adopted this figure for milk. The 
Atomic Energy Commission has adopted this figure for food—the 
figure of 80 micromicrocuries per kilogram. This figure is based on 
a total diet. 

It is based: on the fact that we are not only getting strontium 90 in 
milk but getting it in all other foods. The limit of 80 is based on 
the total average intake. Milk is used for monitoring because it is a 
key food in the diet. We know that when strontium 90 reaches a 
value in milk of, say, 10, that it is 7 times as much in plant foods 
because the cow discriminates against strontium by a factor of 7 
From milk data, therefore, one can estimate the strontium 90 in the 
total diet. 
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So the figure of 80 is the maximum permissible concentration for 
all foods. This is the base. 

For the past few years the national and international committees 
have been revising these figures. The international committee came 
out recently—actually their report was adopted last September—with 
new figures, which dropped the limits to 33. 

The national committee has not come out with its figures yet, but 
said in a recent release that it considers the international committee’s 
figures to be sound. Dr. Dunham in his testimony the first day re- 
ferred to these figures, so I assume that the Atomic Energy Commission 
considers them sound also. So we start with the figure ‘of 33 and the 
units are micromicrocuries per kilogram. 

Here is the report that was submitted yesterday. It is entitled, 
“Data on Strontium 90 Content of Milk and Other Foods During 
1958.” In table 5, it gives figures for 12 loaves of white bread pur- 
chased in a New York. supermarket and gives figures of 126 micromi- 
crocuries per kilogram. 

That is why I wrote this morning, Mr. Chairman, that bread is four 
times the maximum permissible concentration. One hundred and 
twenty-six is 4 times 33, approximately. You notice in the figures 
above for whole wheat a value of 198 micromicrocuries per kilogram. 
This is responsible for my statement that in Illinois wheat the levels 
had reached six times the maximum permissible concentration. 

There is a second way of calculating the relative level, and I don’t 
want to go into details here, but if you use that method, then the 598 in 
the table is 18 times the permissible limit. There are two ways of 
calculating it and the scientists may go into that here. It would take 
some time to explain. 

This, Mr. Chairman, explains my story. 

The question has been raised as to what this means in terms of the 
total diet. Let me say first that four times the maximum permissible 
concentration means not that you have to eat 3 pounds of bread a 
day, as was suggested, but that you have to eat only half a pound of 
bread a day. 

Mr. Chairman, we are eating—on the average—a quarter of a pound 
bread a day in this country according to the figures of the Depart- 
ment of Agriculture. 

I would like to point out to the committee again that these figures 
are not mine. These are numbers which came from the Atomic Energy 
Commission, the Public Health Service and other agencies. I am only 
a newspaperman, although I have had some 13 years of experience 
in research and development. 

I would like to point out further that these maximum permissible 
concentrations are based on a single isotope, strontium 90. They do 
not take into consideration the potassium that is also getting into the 
bone, the radium present in the background which is also getting into 
the bone, and the raw uranium and plutonium which are also getting 
into the bone. 

I have talked with the scientists involved in this problem at length 
about this and they say there is just no way of working out a limit 
for one substance based on the intake of all the various kinds. This 
has to be figured on each individual case. So the situation is more 
complicated, and even worse than we indicate in the story. 
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Now, just a few figures to indicate that these are not isolated cases— 
that this is not happening to bread and wheat alone but is happening 
to other foods also. In this document submitted yesterday there is 
a table called, “The HASL Pasture Survey,” which gives the strontium 
90 content of pasture foods. These are not foods eaten by humans, but 
we assume they apply to foods which humans eat also. These figures 
are given in slightly different units. 

They are put on a per gram of calcium basis. You will notice the 
figures are quite high. If we went into the detail, we could show they 
are well above the maximum permissible limit for plant foods in 
Georgia, New Jersey, New York, and Utah. If you check some of the 
figures from other States, you will find they are over the limit also. 

This is not just happening to bread, Mr. Chairman. This is hap- 
pening to vegetables and other foods. 

The report of the Atomic Energy Commission last year showed that 
the maximum permissible concentrations had been exceeded not only 
in wheat but in rice and oats. The report showed it was not only 
happening in this country but in Western Europe and Asia. 

The final item I wish to bring up here, Mr. Chairman, is what this 
means in terms of a lifetime. It is true that the maximum permis- 
sible concentrations are based on a lifetime dose, but I think we have 
to be concerned about what is happening at the present time. We 
are not sure that the tests are going to be discontinued. These figures 
must be presented to the public now. Seventy years from now it 
may be too late. 

One more item, Mr. Chairman. Again I am going to quote from 
an Atomic Energy Commission publication. That is on the question 
of what a maximum permissible concentration means in terms of 
the incidence of cancer and other things. They say that the new 
maximum permissible concentrations for radioactive substances that 
produce genetic effects would give rise ultimately to 500,000 defects 
per generation in the United States. 

Dr. Dunham gave some figures on Monday for somatic effects 
which indicate that if we reached the maximum permissible con- 
centration for strontium 90 alone there might be as many as 660 
cases of leukemia per year in this country. 

That is all, Mr. Chairman. 

Representative Horirtetp. Thank you very much for your state- 
ment. The Chair wishes to assure you that there was no intent to 
reflect upon your own sincerity and honesty in your professional 
capacity as a reporter. The Chair has read your articles many times 
with a great deal of interest. The content of the article will be dis- 
cussed in this afternoon’s panel. 

So the Chair will not at this time indulge in his desire to question 
you. Thank you very much. 

Dr. James Crow, of the University of Wisconsin, and Dr. W. L. 
Russell, of the Oak Ridge National Laboratory, will testify on the 
genetic effects of radiation. 

Gentlemen, as you know we are running a little behind time 
through no fault of your own and we certainly want to get the 
benefit of your testimony this afternoon in as expeditious a manner 
as possible without omitting important testimony. 
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We want to be sure that we get the content of your thinking on 


these subjects. This is a very important subject. Would you like 
to proceed ¢ 


STATEMENT OF DR. JAMES CROW ' OF THE UNIVERSITY OF 
WISCONSIN 


Dr. Crow. Yes, thank you, Mr. Chairman. I will try to keep it 
brief. 

Two years ago a group of geneticists, of which I was one, appeared 
before this committee to discuss the genetic effects of radiations. 
The general conclusions stated at that time were as follows: 

1. Radiation causes the production of mutations—mutations being 
heritable changes in the genetic material. The effect of radiation 
seems to be an increase in the rate of occurrence of effects that are 
already taking place rather than production of totally new effects. 
This means that a genetic effect, such as an abnormality or a disease, 
caused by radiation is not distinguishable from an effect arising 
from other causes. 

2. The great majority of mutations whose effects are large enough 
to be detected are harmful to a greater or lesser extent, whether they 
occur spontaneously or are radiation induced. This is experimentally 
demonstrable ; it is also to be expected on theoretical grounds. 

3. There does not seem to be any threshold dose below which no 
effect is produced ; no dose, however small, is free of all risk of muta- 
tion. 

4. The total genetic damage on future generations is largely inde- 
pendent of the distribution of the dose in the population. That is, the 


same total consequences are predicted if 10 percent of the population 
get 5 roentgens as if 50 percent get 1 roentgen. 
5. The effect of the en at the low doses we are concerned 


with here, is simply proportiona 
productive cells. 

6. The genetic effect of a given amount of radiation received by a 
person is the same whether that amount is given quickly or slowly over 
a long period of time. This conclusion requires revision, as I shall 
discuss shortly. 

7. Some of the genetic defects will be major catastrophes to the in- 
dividual experiencing them, such things as body malformations, feeble 
mindedness, and serious hereditary disease, both physical and mental. 
A much larger number of mutants are likely to be those causing minor 
impairments of body functions so as to lead to a slightly decreased life 
expectancy and enhanced susceptibility to diseases and environmental 
effects. 

It is difficult to make a comparison between these kinds of effects 
in terms of their impact on the happiness and general well-being of 
mankind in the future. But it must be pointed out that mutations 
causing a small effect, because they are less likely to lead to increased 


to the total dose received by the re- 


1 Date and place of birth: January 18, 1916, Phoenixville, Pa. Education: A.B., Friends 
University, 1937; Ph. D., University of Texas, 1941. Work history: Instructor and 
assistant professor of zoology, Dartmouth College, 1941—48 ; assistant professor, associate 
professor, and professor of genetics and zoology, University of Wisconsin, 1948; associate 
managing editor of Genetics, 1951-56; member of editorial board of Genetics ; member of 
board of directors, American Society of Human Genetics ; member of the council, Society 
for the Study of Evolution. 
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early death and sterility, will persist in the population correspond- 
ingly longer. 

Since so many more persons are affected the total impact of muta- 
tions with small effect is likely to be greater than might at first be 
thought. 

8. Quantitative estimates of the genetic effects of radiation on man 
are not possible from human data except within extremely broad 
limits. Extrapolation from mice and other experimental organisms 
is at best uncertain. Such estimates were given at the previous hear- 
ings, where their tentative nature and the possibility of their gross 
inaccuracy were emphasized. 

The general conclusion was that the amount of genetic damage 
to be felt in future generations as a consequence of bomb testing car- 
ried out thus far is a very tiny fraction of the total of human misery. 
Yet the number of persons exposed and the fuure world population 1s 
so large that the actual number of genetic casualties may be hundreds 
or thousands or more. 

How well dothese conclusions hold up 2 years later? 

The general conclusions are the same. Genetic research throughout 
the world in the meantime has added to our basic knowledge, given 
considerably more data, and in general has reinforced the conclusions 
of 2 years ago. 

Probably the most important experimental results, from the stand- 
point of changing any previous conclusion, are Dr. Russell’s experi- 
ments on dose intensity in mice at Oak Ridge. Previously it had been 
thought that a given amourt of radiation caused the same effect 
whether given at a high or low rat. This has been thoroughly tested 
in experiments on sperm irradiation in fruitflies. Radiation of high 
or low intensity gave the same effect as long as the same total amount 
was given. 

However, Dr. Russell's experiments with mice give different results; 
he finds that low intensity radiation over a long time has less effect 
than the same total amount given in a short time. 

Russell’s mice were irradiated in the stages where germ cells were 
immature, whereas the Drosophila work was done mainly by irradiat- 
ing mature sperm cells. Since the mouse study is on stages compara- 
ble to those where the maximum human exposure occurs, I believe 
the Russell results are very significant. Since Dr. Russell is here, I 
shall not discuss his experiment in detail. 

Dr. Russell’s data suggest that the effects of chronic irradiation 
may be only about one-fourth as much as those from acute doses. 
Since the numerical estimates made previously utilized data from acute 
radiation, these should probably be reduced proportionately. 

Let me reemphasize that it is still true, as it was 2 years ago, that 
quantitative estimates are extremely uncertain and should be used 
only as rough indication of the order of magnitude of effect to be ex- 
pected on the basis of present knowledge. 

In summary, I should like to repeat what I said two years ago, and 
which I believe is still appropriate: With present levels of fallout 
the amount of genetic damage from this source is such as to cause an 
extremely minute fraction of the total human death, disease and mis- 


ery. The effect is almost certain not to be detectable by any foresee- 
able measurement. 
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Yet, the number of persons exposed to fallout is as large as the 
world population, and, therefore, it is likey that tens or hundreds 
of thousands or more persons will be diseased, or deformed, or die pre- 
maturely, or be otherwise impaired if the present rates continue. 

Representative Houirrevp. If the present rate continues ¢ 

Dr. Crow. That is correct. 

Representative Ho.irretp. The Chair will have to adjourn the sub- 
committee for about 20 minutes for a rolleall vote in the House and 
if you gentlemen will wait we will be back. 

(A recess was taken.) 

Representative Hoiir1eLp. The committee will be in order. 

You may proceed. 


STATEMENT OF DR. W. L. RUSSELL,’ OAK RIDGE NATIONAL 
LABORATORY 


Dr. Russett. Mr. Chairman, at the time of the 1957 hearings on 
fallout, it was considered to be one of the basic tenets of radiation 
genetics that variation in radiation intensity (dose rate) does not 
affect mutation frequency. Thus, it was believed that the amount of 
genetic damage induced by a given total dose of radiation would be 
the same, regardless of whether that dose was delivered as a single 
burst or spread out over a long period of time. 

This view was accepted in the 1956 reports of the U.S. National 
Academy of Sciences and the British Medical Research Council, and 
in the 1958 report of the United Nations. However, the experimental 
results upon which this conclusion was based had been obtained only 
from certain cell stages, particularly the mature male reproductive 
cells (spermatozoa) of fruitflies. As we have emphasized many times 
before, most of the radiation dose causing genetic hazards in man will, 
in the male, be accumulated not in spermatozoa, but in the immature 
reproductive cells (spermatogonia). In the female, the cell of cor- 
responding importance is the oocyte. It, therefore, seemed to us to 
be of both practical and fundamental importance to question whether 
mutation frequencies observed following irradiation of these cell stages 
would also prove to be independent of radiation dose rate. In my 
testimony at the 1957 hearings on fallout, I stated that we were testing 
these questions by making “a comparison of the results from long- 
continued low-level irradiation with those from single dose acute radia- 
tion” of mice. 

The results of the new test, and of several additional experiments 
growing out of it, are quite startling. It was found that the immature 
reproductive cells do, indeed, react differently from the mature ones. 
Thus, the mutation frequencies obtained by irradiation of the im- 
mature stages (the important ones in human hazards) were found to 





1B.A.. Oxford University, 1932; Sherman Pratt fellow, Amherst College, 1932-33: 
fellow, University of Chicago. 1933-34; assistant, department of zoology, University of 
Chicago, 1934-36; Ph. D., University of Chicago, 1937; research associate, Roscoe B. 
Jackson Memorial Laboratory, Bar Harbor, Maine, 1937-47; principal geneticist, Oak 
Ridge National Laboratory, 1947 to present; research and publications on the genetic 
effects of radiation in mice. In charge of the Mammalian Genetics and Development 
Section of the Biology Division of Oak Ridge National Laboratory. Member of the United 
States delegation to the 1955 Geneva Conference on the Peaceful Uses of Atomic Energy. 


oe of the Committee on Genetics Effects of Atomic Radiation, National Academy of 
Sciences. 
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be markedly dependent on dose rate. The details of these experiments 
have been submitted for the record. 

To summarize the results from several experiments on the immature 
male reproductive cells (spermatogonia), we found that the mutation 
frequency obtained from a dose of radiation spread out over a few 
weeks was only about one-fourth of that produced when the same dose 
of radiation was delivered in a few minutes. A similar difference 
in the effects of chronic and acute irradiation was also observed for 
the cell stage of corresponding importance in the female (the oocyte), 
although the ratio of effects has not yet been determined with as 
much precision in this sex. 

When the mature reproductive cells in the male (spermatozoa) 
were tested in mice, the mutation frequency was found to be inde- 
pendent of radiation dose rate, just as it had been in the earlier work 
of others on fruitfly spermatozoa. Thus, as was pointed out in our 
first publication of these results, there is no discrepancy between 
mouse and fruitfly, and the explanation for the new phenomenon of 
intensity dependence resides in stage of reproductive cell develop- 
ment. 

In other words, the new experiments have clearly indicated that dif- 
ferent cell stages have basically different types of mutation process: 
the mutation process in spermatozoa is independent of dose rate, while 
that in spermatogonia and oocytes is affected by it. Thus, although 
the findings of others on spermatozoa have been confirmed, it has been 
shown that it was wrong to generalize from these findings. This was 
particularly misleading, insofar as practical considerations in man are 
concerned, because the generalization was erroneously applied to those 
very cell stages (the spermatogonia and oocytes) which are impor- 
tant in human hazards. 

The finding that mutation frequency in spermatogonia and oocytes 
is affected by dose rate of radiation has an important bearing on ques- 
tions concerning the nature of the mutation process as well as on imme- 
diate practical problems. Some of these will be briefly discussed. 

The most important immediate practical conclusion is that radia- 
tion sources that deliver radiation slowly over a relatively long period 
of time may have considerably less genetic effect than had been 
expected. Such sources include background radiation, fallout, and 
many present and future industrial uses of radiation. 

Although it is something of a relief to find that radiation delivered 
at a low dose rate produces fewer mutations than had been thought, 
it must not be forgotten that these mutation frequencies are still 
appreciable. 

It will undoubtedly be tempting to some people to conclude that 
the new data on dose-rate dependence on mutation frequency provide 
evidence of a threshold dose for mutation production. We do not 
feel that it is safe to draw such a conclusion. The argument is pre- 
sented in detail in the material submitted for the record. 

A related problem is the question of whether the mutation frequency 
obtained with a given total dose would drop toa still lower level if the 
radiation were spread out even thinner; that is, over a still longer 
period of time than in the experiments so far completed. Only 
further experiments will give us the answer. However, it should be 
noted now that the results already obtained involve a dose-rate 
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difference of 10,000-fold (100,000-fold in one part of the experiment). 
In other words, the acute radiation was given at 90 r per minute, the 
chronic at 90 r per week, and, since there are about 10,000 minutes 
ina week, this is a 10,000-fold difference. 

The fact that this gave only a fourfold difference in mutation 
frequency is perhaps some indication that a further decrease in dose 
rate would be unlikely to give a further drop in mutation saeanney 

Representative Hotirretp. This factor of reduction of three-fourths 
in the same amount of radiation spread over a long period would be 
important in the event of population exposure from a nuclear bomb. 
If they had shelter and could withstand the immediate heavy radiation 
it would mean that they could absorb over a period of time smaller 
doses of radiation without having the same deleterious effect as if 
they received it in one dose at the time of the bomb explosion ? 

Dr. Russeti. Yes. I think, apart from the initial ionizing radia- 
tion from the blasts, subsequent radiation from the heavy fallout in 
the area of the bomb would be down at a dose-rate level which would 
probably match the lower dose rates used in our experiments. 

So one would expect a lower hazard from any dose received in this 
way. 

Representative Hotirre.p. In the setting of maximum permissible 
doses, has this factor been taken into consideration ? 

Dr. Russeii. The question of permissible doses is going to be re- 
considered by the National Academy Committee next week. Perhaps 
the panel will have some comments to make on that this afternoon. 

Representative Houirreip. I understand that they will. 

Dr. Russevu. Yes. 


The finding of a dose-rate dependence has raised important new 
questions. Fortunately, many of these can be answered by further 
experimental research, and some of them are, in fact, already being 
investigated in our laboratory. One obviously important piece of 
information that is needed now is the range of dose rates over which 
the mutation frequency changes from a low response to a high 


response. 

Another important area for investigation is the mutational response 
to fractionated intense radiation, that is, radiation given in small 
bursts spaced at intervals. Of course the number of ways in which a 
given dose can be fractionated (magnitude of individual fractions 
and length of interval between fractions) is infinite. It seems almost 
certain that the mutational response for certain systems of fractiona- 
tion will resemble that for acute, while for other systems it will 
resemble that for chronic irradiation. The important information that 
is needed is where this transition occurs. This should yield clues 
as to the nature of the dose-rate effect. Results from fractionation 
experiments will also be valuable from an immediate practical point 
of view, since most of the radiation arising from medical practice, 
which comprises such a large part of the total radiation to which we 
are exposed, falls into the category of fractionated exposure. 

_ I have discussed our experiments on the effect of dose rate on muta- 
tion frequency at some length because of the startling nature of the 
results. It should be pointed out that these experiments represent 
only a portion of our work. Time does not permit the discussion of 
many other important investigations, for example, on the genetic na- 
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ture of the mutations, on the lethal and other effects of specific muta- 
tions, on the overall effect of induced mutations on various properties 
of the population, et cetera. A list of publications that have appeared 
since the 1957 hearings is appended for the record to give reference to 
some of these findings. 

However, attention should perhaps be briefly drawn to one aspect 
of these additional findings. In my testimony at the 1957 hearings 
on fallout I mentioned that we were working on a comparison between 
the mutation rates in females and males. This work has now yielded 
the first extensive information on radiation-induced mutation rates in 
female mice. Most of our earlier work was restricted to the more 
easily performed experiments on males. In one earlier experiment 
on females, several years ago, we had excluded the possibility of the 
mutation rate in females being very much higher than that in males, 
but a more precise estimate was desirable. There have been some 
statements that the mutation rate in females may be much lower than 
that in males. The new data do not support these statements. In fact, 
so far as acute irradiation is concerned, our present estimate of muta- 
tion rate in oocytes is somewhat higher, although not greatly so, than 
that in spermatogonia. A publication listing some of the detailed 
findings in females has been submitted for the record. 

That concludes the statement. 

Representative Hotirietp. Thank you very much, Dr. Russell. 

Dr. Russell, I think the work that you have done on the radiation 
of mice at Oak Ridge has probably been the most important work 
in the field of genetic diagnosis or the diagnosis of effect of radiation 
on mice. Could you very briefly give us the basic facts of that 
experiment ? 

Dr. Russety. You mean a general summary ? 

Representative Horirretp. I mean how many mice, how much you 
expose them to for how long a time and how many descendants, and 
so forth. 

Dr. Russetx. In this particular experiment here? 

Representative Ho.irietp. Yes. 

Dr. Russeix. In the data as published, which have been extended 
somewhat since the publication, we have three different doses for the 
chronic irradiation experiment and a control group. The total num- 
ber of mice examined was over 100,000 in the controls and close to the 
same number in the experimental group. We have about a 50-percent 
increase on those numbers at the present time. 

In the acute irradiation experiment, we had a somewhat larger total 
number which we collected before the chronic irradiation experiments 
were started. These were large-scale experiments. 

Representative Horirretp. You feel that those numbers are enough 
to give you meaningful statistics ? 

Dr. Russeiy. The calculated comparison between the low level and 
the high intensity radiation gives us a highly significant difference 
by statistical tests. There seems to be no question that there is a real 
difference here. 

The point estimate of the value of this difference is about four. This, 
however, has to be taken with some qualifications. It may be as low 
as two or perhaps as high as 12 or something of this sort. 
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Representative Houirietp. What was the intensity that you sub- 
jected the mice ? 

Dr. Russetn. The acute irradiation was about 90 roentgens per 
minute, a very short time of irradiation. 

Representative Ho.irretp. Ninety roentgens per minute / 

Dr. Russe... The total doses were 300, 600, and 1,000 in the three 
different experiments. 

Representative Houirietp. On the same mice ? 

Dr. Russet... Different groups of mice of the same strain. 

Representative Horirretp. In no case was this enough to kill the 
mice ? 

Dr. Russett. The thousand roentgen dose would have been enough 
to kill the mice if this had been given as a whole body radiation. Here 
we restricted exposure to the posterior third of the body including the 
gonad region. In one of the other experiments at 300 roentgens we 
divided the mice between one group which received whole body irra- 
diation and another group which received the same kind of partial 
body irradiation as was given to the thousand roentgen group, and we 
found no difference. 

Representative Hotirietp. The question has come up in the hearings 
as to the value of extrapolation from the experiments on mice to man. 
Would you comment on your belief on how accurate those extrapola- 
tions would be ? 

Dr. Russexy. I don’t think I would change much in my comment on 
this from what I said in the 1957 hearings which essentially is this: 
Extrapolation of principles, such as a lower mutation rate from chronic 
irradiation than from acute irradiation, I think could be applied to 
man with very little reservation. 

I think this principle is most likely to be applicable to the human 
species. In fact I think this will apply to the Fruit fly when this has 
been tested. Other things of this sort, such as the question of the 
relation between mutation rate and dose, things that involve general 
principles, I think can be applied very well from mouse to man. 

However, with regard to the actual mutation rate itself, whether man 
will be equally sensitive, less sensitive, or more sensitive than the 
mouse, we don’t really have any good information. The Hiroshima 
and Nagasaki studies are not out of line with the mouse information. 
Some people point out that so little has been actually found of a genetic 
nature from the Hiroshima-Nagasaki studies that this perhaps indi- 
cates some difference between mouse and man. 

I think the authors of the publication on the Hiroshima-Nagasaki 
study do not believe this. They maintain, although their findings are 
meager, that the human species could very well be just as sensitive as 
the mouse. I think the data do not even exclude the possibility that 
man could be more sensitive than the mouse. 

That is about the only set of data I can think of that permits any 
comparison between man and mouse. However, in the absence of 
more information, it certainly would be safer, in my view, to take 
the mouse data rather than data from the fruit fly or other organisms 
more distantly related to man than the mouse is. 

Representative Horirieip. Could you comment on the number of 
roentgens—I guess I would want to say the intensity of the dosa— 





1570 FALLOUT FROM NUCLEAR WEAPONS TESTS 


which would be necessary for you to conduct an experiment which 
would give you two things: 

One, observable effects upon the descendants of mice, and second, 
meaningful statistics. 

Dr. Russeiu. If you mean the overall effect in the population. _ 

Representative Horirtetp. I might apply that also to the genetic 
and somatic. : 

Dr. Russeiy. We are conducting experiments along the line of trying 
to measure the overall damage in a population of mice whose parents 
have been exposed, and other laboratories are doing similar work. 
This would take into account such effects as longevity, effects on the 
reproductive capacity of the population, the incidence of disease, and 
so on. These would fall into what we call the category of empirical 
experiments, just measuring the damage as expressed in the population 
instead of trying to measure mutation rates directly. I would say this 
is one category of our experiments. The other category which I have 
been reporting on here, is to try to evaluate the basic principles of radia- 
tion genetics, comparisons of various factors with each other, rather 
than a measure of the total damage. The measure of total damage is 
very difficult. For example, in experiments on longevity, it involves 
setting up such large experiments that the many other factors affecting 
longevity are canceled out and you can pinpoint the result as being 
due to radiation. It is not suitable to use such a type of end-measure 
as longevity in comparing acute and chronic radiation effects. It 
is much better, in trying to measure acute and chronic radiation effects, 
to use a more definite end-point such as the mutation rates of the type 
we have used. 

Representative Hoxirietp. Let me ask you this question: If you 
exposed parent mice to 10 roentgens, would you be able to detect 
somatic effects in their offspring ? 

Dr. Russewy. I think this would be extremely difficult at the present 
time with any kind of practical experiment that we can envision. Our 
lowest dose in the chronic irradiation experiment was 86 roentgens, 
and at this point, even with over 50,000 offspring, we are not able to 
tell for sure that the mutation frequency is salon than the control 
frequency or even that it is lower than in the acute radiation experi- 
ment. We arrived at the difference between chronic and acute at 
higher total doses. I think it would be very difficult and would require 
a tremendous experiment to determine the effect of 10 roentgens. 
We are trying to answer this basic question of a threshold in another 
way. 

Representative Houirtetp. This is the basic question, as to whether 
a low rate dose actually causes somatic and genetic effects. This 
involves, as we both know, the threshold, and this is where the big field 
of argument lies in these figures that were given us. 

Dr. Russeww. Yes. Before these new findings on the effect of dose 


rate it was thought that the genetic problem did not involve the 
question of a threshold. Now that we have found that there is a 
dose rate effect, this question comes up with more force. 
Representative Hotirteip. I don’t quite understand you on that. 
Dr. Russet. I think at the time of the last hearings, as Dr. Crow 
mentioned, it was generally assumed that the relation between muta- 
tion rate and dose was independent of the rate at which this dose 
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is given, that is, whether it is given as a single dose at one time or 
spread out. Our recent findings do not agree with this. This raises 
the question much more forcefully as to whether there might be a 
threshold dose for genetic effects. 

Representative Ho.irtetp. Does it seem to indicate from the stand- 
point of low level radiation that there is less likelihood that there 
isa threshold ? 

Dr. Russetx. I think this raises the possibility of there being a 
threshold for genetic effects as there is presumably for some somatic 
effects. I do not subscribe to this view myself, but I think the possi- 
bility is raised. We need further experiments to go after this. One 
type of experiment of the sort that you mentioned is to go down to 
very low doses. We think there is another way of going at this, and 
this is to try still another experiment at high doses, but reducing the 
dose rate even more. We have one such experiment started some time 
ago which is yielding material at the present time. 

Representative HotirieLp. How low are you going now ? 

Dr. Russeit. We have dropped down to one-tenth of the intensity 
that we use in this chronic experiment. 

Representative Hotirretp. Which would be about 8 or 9 roentgens. 

Dr. Russetu. Nine roentgens a week. 

Representative Hotirretp. Nine roentgens a week ? 

Dr. Russexu. Instead of 90 per week. 

Representative Hotirretp. You use that for 10 weeks? 

Dr. Russevi. Actually we have the experiment going for a total dose 
of 300. That is over 30 weeks. The mice will still reproduce for a 
long enough period after this so that this is a feasible experiment. 

Representative Hoxirretp. As a layman it seems to indicate to me 
that 1f you are having difficulty in proving genetic effects with, say, 
10 roentgens or 9 roentgens, and tracing, that when we compare it to 
the bomb radiation or one-tenth of the natural background radiation 
or seven-tenths of 1 roentgen cumulative effect, that we must take 
the position if that is causing mutations that it is impossible to prove. 
It is an estimate on prudent judgment and an extension of the line into 
the area of the unknown rather than the capacity to prove that that 
low level is causing or even natural background radiation causes 
mutations, 

I am not trying to influence the facts, but I am trying to interpret 
them in my mind. 

Dr. Russett. Yes; if I might use the blackboard a minute, I could 
try to make this clear as to what our experiment might mean. 

Representative Hourrretp. Yes. 

Dr. Russeti. At the time of the last hearings we were thinking 
genetic effects would be like this; that is, linearly related to dose, re- 
gardless of the dose rate. In other words, with a total dose of 300 
roentgens we would get a certain mutation rate regardless of whether 
this 300 was given as a single dose in a few minutes or spread out 
over several weeks. We now find that the mutation rate at this dose 
given at 90 r per week, drops down to a quarter of this figure. 

Representative Horirrevp. If it is given at 90 roentgens a week it 
would be one-quarter the effect of the one shot. 

Dr. Russett. Yes; our next experiment is to reduce this dose rate to 
even a lower level, one-tenth of this dose rate, still keeping the total 
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does the same and then see what happens. If the mutation frequency 
drops down still more, then we think this would increase the evidence 
that there is a threshold response for genetic effects. If the mutation 
frequency stays up, in spite of the further reduction in dose rate, 
then we will think there is no threshold dose and that the response at 
this low level is still a linear response, although at a lower slope than 
with acute irradiation. 

Representative Horirretp. I notice you draw the line from point 
zero over. Would there be a break in that line as we have been told 
before? That is, an area in which there would be no detection of low 
level radiation mutations. 

Dr. Russe.u. I think if we continue to get the same point here at 
this total dose, then we would argue probably that the slope is linear. 
If we got further reduction with this lower intensity then this is some 
evidence for a threshold type of curve. If we had a further drop in 
mutation frequency with a further reduction in dose rate, then I think 
this would argue for a threshold response for genetic effects. If we 
do not, then I think it will argue for a linear response at this level. 
Although we can’t go down and do an experiment with 10 roentgens 
even with a tremendous increase in our facilities, we think we can get 
at least some idea on this threshold question by this type of experiment. 

Representative Houirrecp. When the field of unknown is so great 
and when your lack of statistical background is so little, how can these 
predictions as to the numbers of cases of leukemia to the whole world 
population be sustained ? 

Dr. Russeiy. I think the leukemia estimates were direct effects on 
the individuals concerned rather than the genetic effects. I was talk- 
ing solely about the genetic response here. 

Representative Hotirtetp. Yes; I know you were. 

Dr. Russe.u. I was discussing the threshold question for genetic 
effects. 

Representative Houirretp. The point I am getting at is this: We 
have, for instance, a figure that there would be 980,000 cases of leu- 
kemia in the world’s population as a result of bomb tests. 

Dr. Russe.u. Yes. 

Representative Horirietp. The point I am raising is this: Has any 
scientist at this time the right to state that as an established fact? 

Dr. Russevi. I would personally think no, but this is outside my 
field of competence. 

Representative Houirietp. Dr. Crow, what would you say to that? 
I don’t know whether the figure is right or not. 

Dr. Crow. Yes. 

Representative Hoxirtevp. Is it possible for any scientists today to 
say accurately how many cases of leukemia or anemia there would be 
in the world’s population as the result of bomb testing ? 

Dr. Crow. I think it is not possible. 

Representative Horirrevp. It is what? 

Dr. Crow. I think it is not possible to state with accuracy. 

Representative Hotir1etp. Then let me ask you another question: 
Can they state it on good judgment or prudent judgment that they 
believe that there isa certain amount? Is there a uniformity of belief 
as to the numbers? We hear these numbers thrown about in such 
different numbers by different scientists that we are trying to seek 
some kind of evaluation of them. Asa matter of fact, they are scaring 
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alot of people. If this possibility is there, regardless of the fact that 
we can’t prove it, we would like to have some testimony on that. 

Dr. Crow. I think what I would want to say, Mr. Holifield, is that 
there are reasonable assumptions that one can make that lead to pre- 
dictable conclusions—numerical conclusions. These assumptions have 
some evidence in favor of them. There is considerable doubt about 
them, however. One can make estimates on the basis of such an as- 
sumption. This does not mean that the person who makes the estimate 
is being irresponsible. He is making it on one particular basis. I 
think it should be understood that it is made on a very tenuous basis. 
May I say one other thing here. 

When you say leukemia I think you automatically imply somatic 
and not genetic effects. I think both Dr. Russell and I feel more com- 
petent to discuss genetic effects rather than somatic. 

Representative Honirietp. Maybe I can change it to the genetic 
effect and ask you to comment on that. 

Dr. Crow. I would be glad to do so because 2 years ago I did present 
such a set of estimates based on genetic assumptions. 

Representative Hoxirrevp. In fact, the committee asked you for 
them. 

Dr. Crow. That is right. 

Representative Ho.irretp. We are not criticizing you because you 
did but we are trying to seek the meaning of it. 

Dr. Crow. I had the belief then and still hold that a poor estimate is 
better than none at all. Having said this, it seems to me that the 
assumption that was used at that time of complete dose independent 
and complete linearity is not as strong an assumption now as it was 
then because of the results that Dr. Russell has just described. I 
would like to go on and say that one should not from this conclude 
that Dr. Russell’s low dose results prove the existence of a threshold. 
The data taken at face value are consistent either way, I think it would 
be fair to say. 

Representative Hotir1etp. Do you agree with that, Dr. Russell ? 

Dr. Russety. Yes. In fact, as I said in my statement I am inclined 
to think that they do not indicate a threshold. But we will have to 
wait for further experiments. I think the experiment that I described 
is perhaps the best approach that we can use at the present time on this. 
I might say a little bit more about this. The facts are, in the first 
place, that mutations, once they are induced, seem to be very stable. 
They do not show any evidence of repair. Yet the relation between 
mutation rate and dose intensity or dose rate seems to indicate some 
sort of repair mechanism. 

It is almost impossible to conceive how spreading out the dose can 
give you a lower mutational response unless there is some kind of 
repair. How can these two things be reconciled? We think they can 
be reconciled by assuming that the repair is not on a completed muta- 
tion but on some intermediate step in the process of the mutation. 

Representative DurHAmM. This is from generation to generation. 

Dr. Russevu. It is persistent in stability over many generations once 
it is induced. It is very rare that an induced mutation will revert 
back to the state it was in before. 

We also feel there may be a certain proportion of mutations that 
are not capable of repair even in the premutational steps. These 
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represent the mutation frequency that we have obtained with our low 
intensity experiments. 

If this is so, then we would expect a linear relation between muta- 
tion rate and dose even with this low intensity of radiation. 

This is hypothesis, but I think the most cogent piece of evidence 
in support of it is that this 10,000-fold change in intensity from 90 r 
a minute to 90 ra week has only dropped our mutation rate to about 
a quarter. I would suspect if there really were a threshold we would 
have found a much larger drop in this mutation frequency. We 
tried, in our first publication on this, to discourage people from 
jumping to the conclusion, as I think some would be tempted to do, 
that this argues for a threshold response. 

Representative Hortrretp. Of course, there is always impatience 
that we do not solve all of the problems in this field in one set of 
hearings. It is refreshing to have a balanced presentation which 
points out that it might go either way. 

It is also refreshing to know that we have made some progress in 
the last 2 years. I know from talking with other medical and genetic 
people that they feel that they owe a great deal to this experimental 
work you are doing at Oak Ridge and the committee certainly wants 
to express its appreciation for the fine work that you are doing down 
there and indicate our support in every way for it. 

Dr. Russety. Thank you. 

Representative Hottrrecp. Are there any questions ? 

Representative WestLanp. Dr. Russell, are you saying that where 
the subject gets this 300 roentgen dose in one shot it produces this 
extreme rate of mutation? Isthat correct? 

Dr. Russeuu. Yes. 

Representative WesTLanp. Suppose no further dosage is given to 
this subject, does this mutation continue, and if so, for how long? 

Dr. Russett. We had quite good evidence, I think, on this at the 
time of the last hearings. There seems to be no recovery in the indi- 
vidual himself. If you have had a total dose of irradiation before a 
certain time, then the probability of mutation appearing in the off- 
spring will be the same throughout the rest of the reproductive period. 
There will be no significant dropping off in mutation rate. We don't 
have this down to the point where we could say we can exclude the 
possibility of, say, a 5 or 10 percent dropping off, but there certainly 
cannot be as much as 50 percent dropping off in the mutation rate. 
The type of recovery that we are talking about that gives us the 
lower response with lower dose rates is entirely different from this. 
What you are asking about concerns the mutations being stable once 
they are induced. Once they are induced in the immature reproduc- 
tive cells these cells continue to bud off mutant mature cells throughout 
the reproductive life. There is no recovery in the individual once the 
mutational process is completed. 

Representative Hoirretp. Are there any further questions? 

Dr. Crow, we don’t want you to leave the stand thinking that we 
don’t appreciate your work because we know of your work as well 
as Dr. Russell’s. This is a field that is of most concern to the people 
of America, that is, this genetic effects field. Certainly there should 
be no diminution of funds or the program of research in this field. We 
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hope that you will have some more information to give us 2 years from 
now if we have another hearing. 

Thank you very much. 

Dr. Crow, you are slated in the next discussion so you might as well 
keep your seat. ; 

The next discussion is permissible exposure levels. Dr. G. Failla 
of Columbia University, will you please come forward, as well as 
Dr. Crow. Dr. Failla, would you like to lead off? What type of 
work are you doing at Columbia? 


STATEMENT OF DR. G. FAILLA,’ COLUMBIA UNIVERSITY 


Dr. Faria. I am in radiological research, largely on the dosimetry 
side rather than the biological. But we also do a good deal of radio- 
biology in my own laboratory. 

Representative HotirieLp. We know, of course, that you are a well- 
known authority in this field. I am going to ask you now in order 
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that we do not lose any of your presentation to pull up that micro- 
phone close to you and speak right into it. 

Senator Gore. Mr. Chairman, I would like to inquire whether he 
holds a pessimistic or optimistic chair. 

Dr. Faitua. I think I am neutral. 

Senator Gore. You admit it? 

Dr. Fattxa. That is right. 

Representative Horirretp. There is an in-between, a realist. 

Dr. Fattia. At least I believe I hold the middle ground in this 
field rather than one or the other extreme. 

Senator Gore. I warn you, Doctor, that politicians have long since 
staked out a claim to the middle ground. 

Dr. Fama. And they sometimes get into trouble. 

Senator Gorr. That seems to be the safest way. 

Representative Horirtetp. You may proceed, sir. 

Dr. Famxa. Mr. Chairman, the hour is late. I have prepared a 
document here that perhaps could be incorporated in the proceedings. 

Representative Howirietp. We will be glad to accept it for the 
record, sir. 

(The formal statement by Dr. Failla follows :) 


EvoLUTION OF RADIATION PROTECTION 


(By G. Failla, Director, Radiological Research Laboratory, College of Physi- 
cians and Surgeons, Columbia University) 


1. Permissible limits of occupational exposure to ionizing radiation 


Soon. after the discovery of X-rays (1895) it became apparent that skin 
damage could be produced by exposure to this type of radiation. It was also 
realized that the damage extended to the deeper tissues and in fact it was 
this observation that led to the use of X-rays in the treatment of cancer. It 
did not take long to realize that any body tissue or organ could be damaged 
if the amount of radiation reaching it was sufficiently large. The existence 
of a “latent period,” or delay between the exposure and the manifestation 
of the injury, was noted early, but this refers only to effects observable within 
a few weeks or a few months at the most, which may be referred to as the 
‘short-term effects ,of radiation. Obviously, the long-term effects of over- 
exposure to radiation (e.g. the production of cancer) did not become apparent 
for a considerable time. It is now known that the interval between acute 
local overexposure and the appearance of cancer of the skin may be greater 
than 25 years, although in general it is about 10 to 15 years. In the case of 
occupational exposure, the dose accumulates slowly and the delay is even 
greater. 

By 1920 many of the early radiologists and technicians had developed can- 
cer of the skin (usually in the hands or face, because these parts received the 
largest doses) and others had died of anemia and probably leukemia. During 
the 1920’s there was considerable activity in different countries to improve 
the protection of radiologists and technicians. In order to establish some 
norms, physical measurements of radiation exposure were made in many 
radiological installations. Since the roentgen, as a unit of dose was not adopted 
internationally until 1928, the measurements were usually expressed in terms 
of the “acute” (single exposure) X-ray dose required to produce a reddening 
of the skin (the “erythema dose’). From these studies evolved the concept 
of a “tolerance dose” and the values suggested for it ranged from 0.002 to 
0.01 of an erythema dose per month. 

It is important to note the process by which these values were arrived at. 
The measurements mentioned aboye, established (albeit with rather low accu- 
racy) the degress of occupational exposure of personnel in typical departments 
of radiology. This could be related to the state of health of those who had been 
exposed essentially at this rate for a number of years. By comparing the condi- 
tions of exposure with those to which certain workers had been subjected and 
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had been or had not been injured, an estimate of a “safe” rate of exposure was 
made. The thinking at the time was that if no appreciable injury was evident 
within several years, it would be safe for the individual to be exposed at the 
same rate indefinitely. Skin damage was the main problem in those days and 
there was ample clinical experience to support the view that substantial recovery 
took place. Accordingly, it was expected that if the rate of exposure was low 
enough, tissue damage would be corrected by recovery and repair processes 
and no appreciable injury would result in the lifetime of the individual. It 
should be noted that repair of damage (e.g. the healing of a wound, the replace- 
ment of lost blood) is a normal physiological process and at the time it was 
reasonable to suppose that it applied to radiation damage as well. As a matter 
of fact, it does apply, but the difference is that after gross tissue repair has 
occurred there is still some residual damage—often imperceptible at first— 
which persists and may lead to serious complications many years later. An- 
other important point to keep in mind is that the realization of the dangers of 
exposure to ionizing radiation was a gradual process and that at each step 
greater precautions were taken. Thus, at any particular time the exposure 
of personnel was less than it had been 10 or 15 years before and, therefore, the 
injuries seen then in the older radiologists had been produced under conditions 
that no longer existed. 

The International X-ray and Radium Protection Commission (which later 
became the International Commission on Radiological Protection—ICRP) was 
established in 1928 by the Second International Congress of Radiology. This 
Commission recommended a “tolerance dose” of 0.2 r per day in 1934. The same 
valve was recommended in this country by the Advisory Committee on X-ray 
and Radium Protection (which later became the National Committee on Radia- 
tion Protection—NCRP). Some time before 1920 I established the practice of 
taking monthly blood counts of all technicians working with radium in my 
laboratory, although by the nature of the work the chief hazard was injury of 
the skin of the hands. In 1927 I designed the first teletherapy apparatus with 
4 grams of radium in which it was possible to “shut off” the gamma ray beam 
during the process of adjusting it to the patient. This device was operated 
24 hours a day and three nurses in 8-hour shifts were in attendance. In the 
course of operating this device and watching the patient through a lead glass 
window, these nurses were exposed to some radiation. The exposure was 
determined by film badges calibrated with radium gamma rays. Since blood 
counts were taken every month, a few years later (1932) it was possible to 
establish that this rate of exposure did not produce perceptible changes in the 
blood counts of two of the nurses who had had the longest exposure: namely 
4.5 and 3 years, respectively. These physical measurments and blood counts 
provided the basis for a “radium protection chart” in which I related the amount 
of radium, the lead thickness of the shield and the distance that would provide 
“adequate” protection. The chart was later included in HB23 (1988). This 
development is recounted here because it provides the background for the adoption 
in 1936 of a tolerance dose of 0.1 r per day by the Advisory Committee on X-ray 
and Radium Protection, when the internationally recommended value was 0.2 r 
per day. By this time reasonable agreement had been reached on the measure- 
ment of radium gamma ray doses in terms of the roentgen, and it turned out 
that my “radium protection chart” (which in itself did not involve the dose) 
corresponded to a tolerance dose of very nearly 0.1 r per day. This value had 
the merit that it was based on actual experience indicating a lack of effect on 
blood count in two technicians who had been exposed for a few years. This could 
hardy be considered satisfactory evidence, but it was better than anything availa- 
ble at the time. Perhaps exposure at the rate of 0.2 r per day would not have 
produced any perceptible changes in blood count in the two technicians either, 
but the general feeling of lowering the tolerance dose was in the air and, at my 
suggestion, the committee adopted 0.1 r per day as the tolerance dose. HB 20 
(1936). I might add that at that time the genetic hazard of exposure to ionizing 
radiation was beginning to be recognized by nongeneticists, largely through the 
efforts of H. J. Muller, who was the leading expert in this field. Suggested 
values of the tolerance dose in chronological order are given in the appended 
table, reproduced from “Radiation Protection” by Braestrup and Wyckoff. 

In the development of the atomic bomb great caution was exercised and all 
protective measures Were designed to comply with the adopted maximum daily 
dose of 0.1 r. (While many individuals were involved in radiation protection, 
Dr. Robert Stone deserves the chief credit in that he set the pattern in the early 
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days of the plutonium project.) New problems had to be faced and even new 
units had to be coined. 

After the war it became evident that the radiation protection problem had 
reached proportions undreamed of before. Accordingly the Advisory Committee 
on X-ray and Radium Protection was reorganized and became the National 
Committee on Radiation Protection, with a much larger membership and scope 
of activity. I became chairman of Subcommittee I, which was charged with 
the task of formulating basic rules. Dr. K. Z. Morgan was made chairman of 
Subcommittee II dealing with the difficult problem of establishing permissible 
body burdens of radioisotopes and related matters. I invited two prominent 
geneticists (Dr. H. J. Muller and the late Dr. Donald R. Charles, later replaced 
by Dr. Curt Stern) to become members of Subcommittee I. This was the first 
time that any geneticist took a direct part in the deliberations of a radiation 
protection committee. 


{Reproduced from ‘‘Radiation Protection,” by Carl B. Braestrup and Harold O. Wyckoff. 
Charles C. Thomas, publisher] 


TABLE I.—Historical development of “tolerance dose” 





} 
Author Days for 1/1000 | Calculated 
erythema r/day 


| | 

1902 Rollins ‘ ; s Sonik | (Photographic) { 
1925 Mutscheller he sain | 3 
1925 Sievert 3 

1926 | Solomon i ; | 0. 

1927. | Dutch Board 4 ; (2 nusens 15. 

1928 Barclay and Cox ni ‘ ae al 3. 

| 5 

). 

3. 


3 | 
0 | 
5 


0 


= | 
‘ 


1928 | Kaye 

1932 Failla (gamma rays) : pul i wil x 
1932 | Stenstrom , 

1934 | LC.R.P2 

1936 N.C.R.P.? 

1949 | N.C.R.P 

1950 | I.C.R.P 


esessssosene: 


Bar-“s"Sikf 


! Estimated from gamma-ray erythema=1,800 r. Other calculations on erythema=600 r. 

2 International Commission on Radiological Protection, then known as International X-ray and Radium 
Protection Commission. 

3 National Committee on Radiation Protection and Measurements, then known as Advisory Committee 
on X-ray and Radium Protection. 

* Based on a weekly irradiation of 0.3 r in air. 


The subcommittee realized at the outset that the development of the atomic 
bomb made necessary an entirely new approach to the protection problem. 
Before the war occupational exposure occurred largely in medical installations 
and one had to deal mostly with X-rays produced at voltages in the range of 
80 to 250 kilovolts. Therefore, it was sufficient to express a “tolerance dose” 
in terms of roentgens per day without being too specific as to the region of the 
body to which this applied. In general in this country a measurement for 
protection purposes was made “in air,” without the presence of the human 
body, at the place where the worker would be in the performance of his duties. 
The new sources that became available after the war provided radiation of 
different types and widely different penetrating powers. Also, radivactive 
material entering the body would go to some internal organs and would irradiate 
them even though the radiation they emitted was of very low penetrating power. 
These problems, of course, had to be faced during the war and the tolerance 
dose of 0.1 r per day (or its equivalent for nonelectromagnetic radiation) 
vas made to apply to the dose delivered to any body tissue. 

The subcommittee introduced the concept of “critical organs” and specified 
the harmful effects to be guarded against. The specified critical organs and 
effects (in parentheses) were: skin (cancer), bloodforming organs (leukemia), 
gonads (sterility), lenses of the eyes (cataracts). This refers primarily to 
exposure resulting from sources outside of the body. For “internal emitters” 
organs in which a radioactive material concentrates to a high degree, constitute 
critical organs also. In principle the “permissible dose” (see below) for each 
critical organ should be chosen on the basis of the radiosensitivity of the organ 
with respect to the pertinent harmful effect, the seriousness of this effect and 
other considerations. There was not sufficient information at the time to do 
this quantitatively for each critical organ and effect. Therefore, a distinction 
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was made only between skin and the other critical tissues, in that the permissible 
dose for the skin was set at twice the value recommended for the other critical 
tissues. There was a sound basis for this because much more was known about 
long-term skin damage in radiologists and cancer of the skin is readily curable 
in most cases, while leukemia is always fatal. 

Long-term experiments on animals carried out during the war indicated that 
there might be a shortening of life due to nonspecific causes, even at low levels 
of chronic exposure. Experiments and theoretical considerations indicated that 
genetic damage should be expected even from very low doses. For these reasons 
(and less tangible ones) the feeling had grown in previous years that the concept 
of a “tolerance dose” as a safe dose should be abandoned. To make the change 
perfectly clear the subcommittee decided to use a new expression—the permissible 
dose. The following statement from HB 59 defines and explains the new 
terminology. 

“4.3 PERMISSIBLE DOSE 


“The concept of a tolerance dose involves the assumption that if the dose is 
lower than a certain value—the threshold value—no injury results. Since it 
seems well established that there is no threshold dose for the production of gene 
mutations by radiation, it follows that strictly speaking there is no such thing 
as a tolerance dose when all possible effects of radiation on the individual and 
future generations are included. In connection with the protection problem the 
expression has been used in a more liberal sense, namely, to represent a dose 
that may be expected to produce only “tolerable” deleterious effects, if any are 
produced at all. Since it is desirable to avoid this ambiguity the expression 
“permissible dose” is much to be preferred. 

“It is now necessary to give this expression a more precise meaning. In the 
first place it is well to state explicitly that the concept of a permissible dose 
envisages the possibility of radiation injury manifestable during the lifetime 
of the exposed individual or in subsequent generations. However, the proba- 
bility of the occurrence of such injuries must be so low that the risk would be 
readily acceptable to the average individual. Permissible dose may then be 
defined as the dose of ionizing radiation that, in the light of present knowledge, 
is not expected to cause appreciable bodily injury to a person at any time during 
his lifetime. As used here ‘appreciable bodily injury’ means any bodily injury 
or effect that the average person would regard as being objectionable and/or 
competent medical authorities would regard as being deleterious to the health 
and well-being of the individual. ‘Dose’ is used here in its radiological sense 
and particularly as tissue dose in the irradiated tissue, organ, or region of 
interest. What constitutes the region of interest depends on the conditions of 
exposure and must be taken into account in assigning numerical values to the 
permissible dose or doses applicable to a given set of conditions.” 

The quotation is pertinent at this time because there seems to be considerable 
confusion as to the exact meaning of “maximum permissible dose.” The word 
“permissible” is certainly appropriate in a legal sense. Thus, the speed limit 
posted on a road represents the maximum permissible speed, but there is no 
implication that if this speed is not exceeded there will be no traffic accidents 
on that road. (Latest definition is given in sec. 2, below.) 

As mentioned before, when the “tolerance dose’ of 0.1 r per day was recom- 
mended, occupational exposure consisted largely of exposure to medium-voltage 
X-rays. In the case of radiologists the exposure was mostly from fluoroscopes 
and the radiation traversed the body in the general direction of front to back, 
although scattered radiation could come from any direction. With the more 
powerful sources of radiation that came into use during and after the war, and 
the diversity of applications outside of the medical field, it became evident that 
the distribution of radiation in the human body could be much more uniform 
than it had been before. To take care of this situation, the subcommittee decided 
to assign to all critical organs except the skin, permissible doses that numerically 
Were about one-half of the previous tolerance dose, that is 0.3 r rer week. 
The permissible dose for the skin was set at 0.6 r per week (numenically the 
same as the previous tolerance dose in a period of 6 days). Actually a direct 
comparison cannot be made because the basis of measurement is different in 
the two cases: the tolerance dose was usually measured “in air,” while the 
hew permissible doses were expressed in terms of the doses received by specified 
organs. On the whole the new recommendations were intended to insure greater 
protection, but it is difficult to say by what factor. 
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The subcommittee changed the time basis from 1 day to a week (“7 con 
secutive days’’) for practical reasons. If the limit is for 1 day, then in order 
to be sure that it is not exceeded, the monitoring device (e.g. a film badge) 
must be read every day. This is wholly unnecessary when the working con- 
ditions are such that no large fluctuations of exposure occur from day to day. 
Furthermore, when the dose is very small it may be expected that the rate at 
which it is received is not very important in the long run. 

The subcommittee introduced several other innovations, which need not be 
discussed here. One deserves brief mention because it marks the beginning of 
the recommendations for a lower permissible dose for persons nonoccupationally 
exposed. The pertinent statement in HB 59 is as follows: 

“Because it is impractical to keep account of the exposure of individuals 
outside an area in which occupational exposure occurs, it is necessary to make 
sure that the weekly dose received by minors outside said area be negligible 
insofar as subsequent occupational exposure is concerned. A factor of 10 is 
considered satisfactory for this purpose. Therefore, it is recommended that 
in cases in which minors may be exposed to radiation in the course of their 
normal activities, protective measures be taken to make sure that no minor 
actually receives radiation at a weekly rate higher than one-tenth the respective 
basic permissible weekly doses for the critical organs and other body tissues, 
ncecording to the basic dose distribution.” 

All the recommendations made by the subcommittee were accepted by NCRP 
and were published as HB 59 in 1954. Actually agreement had been reached on 
most of the recommendations at the first meeting of the subcommittee in 1948. 
Informal reports were made by the chairman of NCRP to other subcommittees 
and the new limits were used as a basis for their recommendations even before 
HB 59 was published. 

In 1948 I went to England to discuss the proposed new permissible limits with 
the British counterpart of our NCRP. Our basic proposals were accepted. They 
were also accepted later by the International Commission on Radiological Pro- 
tection. (Compare HB 59 and Recommendations of ICRP published in 1955 
as Supplement No. 6 of British Journal of Radiology.) 

While the genetic hazard was discussed by subcommittee I no specific recom- 
mendations were made in HB 59. This was done (with the approval of the 
two geneticists on the subcommittee) simply because the handbook dealt with 
occupational exposure and the genetic effects of such exposure at the recom- 
mended limits on the whole population would be minimal. It was planned to 
prepare a second report dealing exclusively with the genetic problem. As chair- 
man of the subcommittee I was about to arrange a meeting of the leading 
geneticists in this country to discuss the problem, when I heard that the National 
Academy of Sciences had been asked by the Rockefeller Foundation to study 
the biological effects of atomic radiations. The reports of this study were pub- 
lished in 1956 and an extensive discussion of genetic effects is included. A similar 
report Was issued simultaneously by the British Medical Research Council. The 
problem was also discussed by the ICRP at its meeting in Geneva, April 1956, 
and a preliminary statement was issued later. More will be said later. 


2. Latest recommendation of the International Commission on Radiological 


Protection 


At the Geneva meeting of ICRP (April 1956) I proposed a further reduction 
in the permissible dose for occupational exposure of the whole body. The reasons 
are given in the Commission's report “Radiation Protection—Recommendations of 
the International Commission on Radiological Protection” just published by 
Pergamon Press. <A brief summary will be given here. 

It has always been emphasized by both NCRP and ICRP that the exposure of 
radiation workers should be kept as low as practicable, irrespective of maximum 
permissible limits. In general there has been very good cooperation on the part 
of responsible authorities in this respect and liberal factors of safety have been 
introduced in the design of radiation installations to reduce the actual exposure 
of workers much below permissible limits. Thus in AEC installations the great 
majority of workers received less than one-tenth the yearly permissible dose in 
1955. However, the 1955 Conference on the Peaceful Uses of Atomic Energy 
aroused great interest in the development of atomic powerplants throughout the 
world. In time this would greatly increase the number of persons occupationally 
exposed and would also bring about actual or potential exposure of other persons 
and the population as a whole. More importantly, the pressure for producing 
power economically might well do away with the “safety factors” mentioned 
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above. Also, the average duration of occupational exposure per individual 
worker might increase. 

On the biological side, it appeard that perhaps “reeovery” plays a less important 
part in the long-term effects of radiation to be expected from continued exposure 
at low levels, than was earlier supposed. The higher than normal incidence of 
leukemia in radiologists has been well established. A statistical study by Dr. 
Shields Warren showed that the average age at death was about 5 years lower 
for radiologists than for other specialists, presumably not exposed to radiation 
in the exercise of their professions. (This was later found to be due largely to 
differences in the age distributions of the groups of specialists. A similar survey 
made in England recently shows no significant difference in longevity between 
radiologists and other medical speciulists. Nevertheless, the possibility of a 
certain degree of life shortening attributable to whole body exposure to pene- 
trating radiation cannot be excluded. ) 

The ICRP recommended a reduction in the maximum permissible dose for whole 
body occupational exposure by approximately a factor of three. It retains essen- 
tially the former limits for (internal) exposure of single organs, except the 
gonads. Inaddition certain changes of practical importance were also made. As 
mentioned above, in AEC installations the actual dose received by the average 
worker was much less than the maximum permitted value. Although no similar 
information is available for other installations, this must also be true in general. 
However, certain operations, especially in cases of emergency, cannot be carried 
out at all—or at least economically—without exposing workers temporarily to 
higher levels of radiation. Therefore, the ICRP made provisions for higher 
temporary exposure levels (“within a period of 13 consecutive weeks”) and 
adopted a formula first introduced by NCRP for the maximum occupational dose 
that could be accumulated up to a given age. For the most critical organs and 
whole body exposure the formula is D=5(N-18) where D is the accumulated 
dose in rems at age N years, with the proviso that in any 13 consecutive weeks 
the dose should not exceed 3 rems. This means that while on the average the 
limit for occupational exposure corresponds to 5 rems per year, some workers 
who have not accumulated the maximum dose at their ages may receive up to 
12 rems in 1 year. This takes care of practical requirements and at the same 
time insures that the accumulated dose at any given age does not exceed one- 
third the maximum value formerly permitted. It is important to note that 
in effect the new recommendations do not decrease the average dose actually 
received by radiation workers by a factor of three, because the average worker 
never received anything like the full quota. Therefore, the new recommenda- 
tions do not impose undue restrictions, but limit the dose that could possibly 
be accumulated by an individual to one-third of its former value. 

The definition of permissible dose in the latest report of ICRP is more explicit 
than that in HB 59. The pertinent paragraphs are quoted below: 

“(29) Any departure from the environmental conditions in which man has 
evolved may entail a risk of deleterious effects. It is therefore assumed that 
long continued exposure to ionizing radiation additional to that due to natural 
radiation involves some risk. However, man cannot entirely dispense with the 
use of ionizing radiations, and therefore the problem in practice is to limit 
the radiation dose to that which involves a risk that is not unacceptable to the 
individual and to the population at large. This is called a ‘permissible dose.’ 

“(30) The permissible dose for an individual is that dose, accumulated over 
a long period of time or resulting from a single exposure, which, in the light 
of present knowledge, carries a negligible probability of severe somatic or ge- 
netic injuries; furthermore, it is such a dose that any effects that ensue more 
frequently are limited to those of a minor nature that would not be considered 
unacceptable by the exposed individual and by competent medical authorities. 

“(31) Any severe somatic injuries (e.g., leukemia) that might result from 
exposure of individuals to the permissible dose would be limited to an exceed- 
ingly small faction of the exposed group; effects such as shortening of life- 
span, which might be expected to occur more frequently, would be very slight and 
would likely be hidden by normal biological variations. The permissible doses 
can therefore be expected to produce effects that could be detectable only by 
Statistical methods applied to large groups.” 

It will be noted that since 1934 the maximum permissible level of con- 
tinued whole body occupational exposure to ionizing radiation has been lowered 
in three steps from 60 to 5 rems per year. Each time the reduction has been 
made not because of definite knowledge of harm produced by exposure at the 
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higher permissible limit, but because it was judged prudent to do so on the 
basis of radiological experience, animal experimentation and theoretical con- 
siderations. By 1934 there was a general awareness of the hazard, and gross 
short-term injuries were no longer common. It would have taken at least 25 
years of exposure at the same leve! ty evaluate the long-term effects and then 
only by statistical methods. 

It is important to note in this connection the difference between a maximum 
permissible limit and the average dose that workers actually received. Both 
NCRP and ICRP have always emphasized that the exposure should be kept as 
low as practicable. Designers of radiation installations have taken this 
seriously and have used substantial factors of safety, at least during the last 
20 years. For this reason, compliance with the lower permissible limits in gen- 
eral has not necessitated marked changes in protective barriers or operative 
procedures. This refers to occupational exposure. The stringent limits for non- 
occupational exposure are more difficult to meet. In my opinion a further 
general lowering of permissible limits would impose a heavy burden on the 
operation of radiation installations. 

A review of the latest recommendations of ICRP appeared in the London 
Times of April 17, 1959. It is reproduced below because it brings out very 
well the salient features. 








“(From the London Times of Apr. 17, 1959] 















“RISKS IN EXPOSURE RADIATION—CONCLUSIONS OF WORLD COMMISSION 


(From our science correspondent ) 


“Questions about the maximum exposure to radiation which may be acceptable 
in different groups of people involve problems in human accountancy which are 
either new in kind or—to the extent that they are not new—have not before 
needed to be faced openly on a large scale. They are brought into the open in 
the recommendations adopted in September of last year by the International 
Commission on Radiological Protection and now published.’ They deserve to be 
widely read: in their present, or probably in modified, form they will affect 
the cost of electricity generation, the use of radioisotopes in industry, and the 
health and lives of men. 

























“SCIENCE AND MEDICINE TODAY 





“The first problem is that of balancing like against unlike. Logically insoluble, 
it is implicit in the principle of ‘the greatest happiness of the greatest number,’ 
applied by Jeremy Bentham in the late 18th century to distinguish good laws 
from bad. It is applied unconsciously today in the treatment of road accidents. 
In the last year (1952) for which an attempt to compile world figures was made, 
mechanically propelled vehicles caused some 80,000 deaths on the road. A very 
aoe estimate suggests that the invention of the internal combustion engine 

has been responsible—on land alone—for at least some millions of deaths. Since 
all but a few could have been prevented by a drastic enough speed limit—say 
10 m.p.h.—it is evident that legislators in all countries have effected a balance, 
consciously or not, between usefulness and safety. The essential new elements 
in the accountancy undertaken by the International Commission are that it 
involves the health and safety not only of those now living but also of future 
generations, and that they have been compelled to look consciously at the problem. 


“Modest approach 


“The International Commission was established in 1928 under the auspices of 
a medical body—the International Congress of Radiology—and is composed of 
individals ‘chosen on the basis of their recognized activity in the fields of 
radiology, radiation protection, physics, biology, genetics, biochemistry, and bio- 
physics, without regard to nationality.’ 

“They approach their task modestly. They are aware of the fact that ‘a 
proper balance between risks and benefits cannot yet be made, since it requires 
a more quantitative appraisal of the probable biological damage and the prob- 
able benefits than is presently possible. They appreciate, too, that such a bal- 
ance-sheet might be struck differently in different countries, and conclude logi- 










“1 Radiation Protection. Recommendations of the International Commission on Radio- 
logical Protection. Published by the Pergamon Press for the Commission. 3s. 64d.” 
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cally—but with some potential risk to others—that ‘the final decision rests with 
each country.’ 

“The Commission strike a balance of another kind in their approach to medi- 
cal uses of radiation. Starting from the point that, for large populations, ‘a 
genetic dose of 10 rems from all man-made sources is regarded by most geneti- 
cists as the absolute maximum and all would prefer a lower dose,’ they observe 
that in some countries a genetic dose of about 4.5 rems has been estimated from 
medical uses alone. Holding that this could be reduced considerably—as earlier 
reported—without medical loss, they take the line that it is up to the countries 
concerned to do so, and assume that they have 5 rems to apportion, in addition 
toexposure of medical origin. 

“At this point it is necessary to remember that, in relation to the long-term 
effect of mutations, it is irrelevant (on orthodox views) whether a large popu- 
lation is exposed to a small dose of radiation or a smaller population to a larger 
one, provided that the latter is not so large as to cause significant risk of damage 
to the individual. 


“Atomic energy plants 


“This leads to a second, also unfamiliar, kind of arithmetic—that involved in 
apportioning the extra dosage considered to be permissible as between one group 
of people and others; those who are exposed to radiation in the course of their 
work, including atomic energy workers; special groups, notably those living in 
the neighborhood of atomic energy plants; and the population at large. Such 
an apportionment involves consideration of the numbers of people in each group 
as well as the extra dosage that they may receive. For example, if the whole 
of the 5 rems considered to be available were allocated to the population at 
large there would be no allowance left over for occupational workers and the 
running of atomic energy plants would be impossible. Conversely, if more than 
about 8.5 percent of the world population were exposed to radiation in the 
course of their work—with present standards of maximum individual exposure— 
there would be no margin for either of the other two groups. 

“Final genetic dosage 

“In the event, the Commission have refrained from making any firm recom- 
mendation on the question of apportionment, and give only illustrative figures— 
which include a reserve of 1.5 rems. On this basis, they consider the conse- 
quences of allocating 1 rem for occupational exposure (which would allow 
&§ to 16 times as many people to work in atomic energy as now do so in tech- 
nologically developed countries 0.5 rem to special groups (which would allow 
about 3 percent of the population to be exposed in each year to the maximum 
permissible individual dose to the reproductive organs); and 2 rems for the 
population at large. 

“The last of these apportionments ‘is intended for planning purposes in the 
development of nuclear energy programs (with the associated waste disposal 
problems) and more extensive uses of radiation sources.’ In relation to air 
and water, this would permit proportions of radioactive material equal to about 
one-hundredth of those permissible in the case of occupational workers. 

“The consequences of weapons tests are not discussed; but it may be useful 
to add for proportion that the final genetic dosage resulting from all explo- 
sions to come is likely to be of the order of one-hundredth of the dosage allowed 
by the Commission for the population at large. However, the substantial point 
remains this: that for the peaceful application of atomic energy on a world 
scale, it is necessary that calculations of the kind quoted should be made— 
and presented as the balance sheet of risks and benefits which, in fact, they 
are.” 


3. Permissible limits for nonoccupational exposure 


As already mentioned the first attempt to regulate exposure of persons outside 
of radiation installations was made in HB 59. This was done indirectly (see 
quotation in the previous section) by stipulating that children should not be 
exposed at a rate higher than one-tenth the maximum permissible weekly doses 
for occupational exposure. Note that the ostensible reason for this was to make 
sure that the dose received by children up to the time (18 years) that they 
might be employed in a radiation installation would be negligible in com- 
parison to the occupational exposure they would receive in a lifetime. Taking this 
as a basis, the ICRP report published in 1955 contained the following state- 
ment: “The Commission recommends that, in the case of the prolonged ex- 
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posure of a large population, the maximum permissible levels should be reduced 
by a factor of 10 below those accepted for occupational exposures.” Actually 
this came about through some misunderstanding, since the factor of one-tenth 
was never intended to apply to a large population. There has always been con- 
siderable reluctance on the part of radiation protection groups to make recom- 
mendations for the exposure of large populations: in the first place because 
of the limited knowledge concerning the effects of exposure at low levels of 
ionizing radiation; and secondly because the problem might well be considered 
to be outside the scope of their activities. Nevertheless, by the time that the 
ICRP held its meeting in Geneva in 1956, it was evident that something had 
to be done. 

Geneticists (and others) have emphasized the genetic hazard for a long time 
and have recommended that exposure of the gonads be limited “as much as 
possible.” This sort of recommendation is of no use to engineers designing 
nuclear powerplants, or for that matter, designing the protective shields and 
devices for any source of radiation. It is always “possible” to reduce the ex- 
posure if one is willing to pay the price. At what point should the engineer 
stop? On the other hand, lack of knowledge made everybody reluctant to set 
a permissible limit for the genetic dose to the whole population in numerical 
terms. The Genetics Committee of the National Academy of Sciences deserves 
the credit for resolving the impasse, by recommending that the “general popula- 
tion shall not receive from such sources (manmade sources) an average of more 
than 10 roentgens, in addition to background, of ionizing radiation as a total 
accumulated dose to the reproductive cells from conception to age 30.” The 
British group made no specific numerical recommendation but indicated the 
order of magnitude and suggested that ICRP should set the value. 

The preliminary recommendations made by ICRP in 1956 were couched in 
general terms but in the 1959 report they are very specific. It accepted the genetic 
dose of 10 r suggested by the NAS Genetics Committee as an upper limit and 
suggested a subdivision of this total into allotments for specific purposes, as 
follows: 

Rems 
Medical exposure__-_-_-_- isla scmerdies ? 5.0 
Occupational exposure 
Exposure of special groups 
Exposure of the population at large_ 
Reserve... 


It is important to note that the ICRP does not recommend that the genetic 
dose from medical exposure be 5 rems. In fact it recommends “that it be 
kept as low as is consistent with the necessary requirements of modern medical 
practice.” It simply recognizes the fact that the estimated genetic dose in some 
countries is close to 5 rems. The quotas for nonmedical exposure are ample to 
permit foreseeable expansion of the peaceful uses of atomic energy without undue 
restrictions. 

The genetic dose to a population is the dose which, if it were received by each 
person from conception to the mean age of childbearing, would result in the same 
genetic burden to the whole population as do the actual doses received by the 
individuals. A permissible genetic dose is that dose which, if it were received 
by each person from conception to the mean age of childbearing, would result 
in an acceptable burden to the whole population. In order to evaluate the 
genetic dose one must know the relation between dose and genetic effect. It is 
generally assumed that the relation is a linear one, that is, that the genetic 
effect is proportional to the dose and that there is no dose (no “threshold dose”) 
below which no genetic effect is produced. On this basis a large dose to a few 
individuals is equivalent to a small dose to a roccespondingly larger number of 
individuals, insofar as the genetic effect on the total group of individuals is 
concerned. There is a good scientific basis for this assumption, although the 
recent work of Dr. William L. Russell and his staff at Oak Ridge indicates 
that some modifications may have to be made. 

In the case of somatic effects there is considerable difference of opinion as 
to the dose-effect relationship and in particular as to the existence of a threshold 
dose for any given effect. Obviously, if there is a threshold dose, those receiving 
lower doses would show no effect at all, If there is a threshold dose and its 
magnitude is higher than any dose that could be accumulated at permissible 
levels of occupational exposure, there is no reason to have lower permissible 
limits for nonoccupational exposure as regards somatic effects. The matter is 
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only of academic interest insofar as setting a limit to the population dose result- 
ing from external sources of penetrating radiation is concerned. Under these 
conditions genetic damage is of paramount importance and the limitation of 
the dose to the gonads will automatically limit the dose to the rest of the body 
to essentially the same level. The top limit recommended by the ICRP for the 
genetic dose from all manmade sources (except medical exposure) is 5 rems. 
Therefore, this will indirectly limit the whole body dose to 5 rems in 30 years 
or 12.5 rems in 75 years. This is certainly satisfactory for the present time 
because the actual whole-body dose of penetrating radiation received by the 
population from manmade sources is certainly much less than this and it can 
only increase very slowly. Obviously, the rate of increase must be under control 
if the genetic dose must never reach the 5-rem limit. The ICRP (and NCRP 
as well) has always reserved the right to change the recommended permissible 
limits whenever new knowledge indicates that they should be changed. 

The same limitation to the level of the genetic dose applies also to internal 
exposure resulting from radioisotopes that directly or indirectly contribute to 
the gonad dose or constitute whole-body exposure. For a radioisotope that con- 
centrates in a single organ the recommendation is made in terms of the maxi- 
mum permissible concentrations in water and air recommended by Committee II. 
In essence the ICRP recommends values for the population at large not in excess 
of one-thirtieth of the maximum permissible values, for continuous occupational 
exposure. Since in general the basis for calculating maximum permissible con- 
centrations in air and water is the permissible occupational does of 0.3 rem per 
week in a single organ, the maximum permissible dose for an individual of the 
population is 0.5 rem per year. This is for a single organ and allowance must 
be made for any contribution to the dose in that organ by external radiation and 
other internal emitters. The accumulated dose in 75 years would be 37.5 rems. 
This is a reasonable maximum lifetime dose for a single organ if it is assumed 
that a maximum lifetime dose of 12.5 rems for the whole body (resulting from 
the permissible genetic dose) is satisfactory. There is, however, an important 
difference to be noted. The genetic dose is an average for the whole popula- 
tion, whereas the single organ dose is the maximum for an individual in the 
population. This means that the average single organ dose for the population 
would be much lower. 

At the moment there is some confusion as to whether the figure suggested by 
ICRP is the maximum for an individual or the average for the population. In 
the foregoing I have assumed that it is the maximum for an individual. Dr. 
K. Z. Morgan in his testimony assumes that it is an average for the population. 
For this reason the relevant paragraphs of the ICRP report or quoted below: 

“(66) No specific recommendations are made at this time as to the maximum 
permissible ‘somatically’ relevant dose to the population. However, it is ex- 
pected that the maximum permissible limits of the individual total doses recom- 
mended in paragraphs 46—57. will keep the average dose in any tissue at such a 
level that the injuries that could possibly occur in a population would be well 
within acceptable limits. (See paragraph 31.) 

“(67) In the case of external exposure of the whole body to penetrating radia- 
tion the restriction imposed by the genetic dose to the population automatically 
reduces the doses to internal organs below the individual maximum permissible 
annual doses recommended in paragraphs 46-57. Thus the probability of somatic 
injury in these organs is considerably lower than indicated in paragraph 66. 
The same thing applies to internal exposure resulting from radioisotopes that 
directly or indirectly contribute to the gonad dose of a population. (See ad- 
dendum to paragraph 65. ) 

“(68) There remain for further consideration those isotopes that concentrate 
in specific organs (other than the gonads). In view of the existing uncertainty 
as to the dose-effect relationships for somatic effects, it is suggested that for 
planning purposes the average concentrations of such isotopes, or mixtures 
thereof, in air or water, applicable to the population at large, should not exceed 
one-thirtieth of the MCP values for continuous occupational exposure given in 
the report of Committee IT.” 

Something should be said about the repeated lowering of permissible limits. 
As an industrial hazard, radiation exposure has received more attention and 
publicity than any other. In the past the cost of increased protection has not 
been too great and, at any rate, it has not been apparent to the public From now 
on the balancing of risks and benefits will come under closer scrutiny and the 
matter of cost will receive more attention, especially in connection with the 
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development of atomic power. Present-day society accepts some risks if the 
advantages are regarded to outweigh them. Thus, in this country we tolerate 
the killing of about 40,000 persons a year in traffic accidents when it would be 
possible to reduce the number greatly by a drastic reduction in the speed limits, 
An exact balance has not been made in this case, either. Perhaps because traffic 
moves faster we are saving an equal number of lives in other ways. This is 
difficult to evaluate. In a direct way we are saving some lives because the 
doctor or an ambulance can get to a patient faster or fire engines can get to a fire 
faster. The indirect ways, which accelerate progress in every field of endeavor 
are more difficult to visualize. 

Something should be said also about the fact that as new knowledge has ac. 
cumulated the radiation hazard has acquired greater importance. One very 
recent discovery, however, has reversed this trend. I am referring to the paper 
by Russell, Russell and Kelly in the December 19, 1958, issue of Science, in which 
it is shown that the frequency of radiation-induced mutations is not independent 
of dose rate, as had been believed before. The difference found in the experi- 
ments described is about fourfold. It might be even greater at the very 
low dose rates involved in the radiation protection problem. This means that 
the “doubling dose,” that is, the dose of radiation estimated to double the spon- 
taneous mutation rate, instead of being something like 30 rems, would be 120 
rems or perhaps even higher, in the range of dose rates involved in the protec- 
tion problem. (It may be noted in passing that the concept of a “doubling 
dose” is no longer valid, when its value depends on the dose rate). Accordingly, 
if Russell’s results are valid, the genetic hazard at low dose rates is much less 
than had been supposed. 





















4. Relation to radioactive fallout 


The fallout problem has obvious political implications which are outside the 
province of ICRP. The Commission is concerned with exposure resulting from 
any manmade source and makes recommendations irrespective of what effect 
they may have on the fallout problem. It is natural, however, that ICRP 
recommendations should be used to assess the fallout hazard. Accordingly, I 
will indicate the application of the ICRP recommendations to the Sr” problem. 

The most direct way to assess the Sr” hazard is to determine its concentration 
in the bones of children who were born and died during the fallout period. In 
the report of Committee II of ICRP (which is being printed) the recommended 
maximum body burden of Sr” for occupational exposure is 2 microcuries. This 
corresponds to 2,000 micromicrocuries per gram of calcium in the skeleton 
and to a dose rate in the bone of 5.6 rads per year. Therefore, the permissible 
maximum for nonoccupational exposure is approximately (149 x5.6=)0.2 rad per 
year, or a lifetime dose of 15 rads. Since the relative biological effectiveness 
(RBE) of high energy beta rays is assumed to be 1 for protection purposes, this 
corresponds to 0.2 rem per year; which is lower than the value of 0.5 rem 
per year derived from the annual dose in a single organ (15 rems) permitted 
for occupational exposure and the one-thirtieth factor. The discrepancy be 
tween the two arises from the fact that the Sr” values are based on a permissible 
body burden of 0.1 microcurie of Ra™ and certain other parameters, instead of 
being based on 0.3 rem per week as the maximum permissible weekly dose in 
bone for occupational exposure. The maximum permissible body burden for 
an individual of the population is then (449x2=) 0.067 microcurie, which is 
equivalent to 67 micromicrocuries per gram of calcium in the bone, and which de- 
livers a lifetime (75 years) dose of 15 rads (or rems) to the bone. Since this is 
the maximum for an individual, the average for a large population would be 
much lower, perhaps one-tenth, but let us say one-fifth, under the conditions 
envisaged by ICRP; that is, the peaceful applications of atomic energy, not 
weapons testing. This would make the lifetime dose to the bone 3 rems as an 
average for the population. The corresponding dose to the bone marrow would 
be approximately 1 rem. 

These doses may now be compared with the average lifetime dose of 12.5 rems 
for the whole body resulting from the maximum permissible genetic dose of 5 
rems in 30 years, exclusive of medical exposure. It is evident that the risk from 
a lifetime dose of 12.5 rems in every tissue of the body must be much higher than 
the risk from lifetime doses of 3 rems and 1 rem essentially limited to the bone 
and bone marrow, respectively. Furthermore, the genetic risk for a given (small) 
dose is considered to be much greater than the risk of somatic effects. It is 
apparent, therefore, that the recommendations of the ICRP when applied to 
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Sr” are much more conservative than the recommendations for whole body 
exposure, in terms of averages for the whole population. This is because un- 
der the conditions envisaged by ICRP, Sr” would accumulate very slowly in- 
deed and there is no urgency for making a more realistic balance between risks 
and benefits. The following quotation from the latest ICRP report is relevant 
in this connection: “The Commission is aware of the fact that a proper balance 
between risks and benefits cannot yet be made, since it requires a more quanti- 
tative appraisal of both the probable biological damage and the probable bene- 
fits than is presently possible. Furthermore, it must be realized that the factors 
influencing the balancing of risks and benefits will vary from country to coun- 
try and that the final decision rests with each country (insofar as operations 
within one country do not affect other countries) .” 

I think it is fair to apply Russell’s finding to at least some somatic effects 
of radiation, such as leukemia. In making estimates of the possible increase 
in the incidence of leukemia attributable to small doses of radiation, it has 
been customary (and prudent) to assume that the incidence is proportional to 
the dose. If this proportionality relation does not hold for genetic effects, it is 
reasonable to suppose that it does not hold for somatic effects. I shall now 
make some estimates taking this into account and involving some personal 
views concerning leukemogenesis. There is a growing feeling that somatic 
mutations have something to do with the induction of leukemia. If this is the 
case, all mutations, whether caused by radiation or in other ways, must play a 
part, although not necessarily a proportional part. If the “doubling dose” at low 
dose rates is 120 rems for genetic effects, we may assume that it is the same for 
the induction of leukemia. Since the background contribution is about 3 rems 
in the same period of time (30 years), this means that the incidence of leu- 
kemia attributable to ionizing radiation (background) is about one-fortieth of 
the total attributable to spontaneous somatic mutations. In this country at 
the present time about 12,000 cases of leukemia occur every year. However, 
the rate has increased rapidly in the last 20 or 30 years. Environmental fac- 
tors (perhaps including manmade radiation) must be responsible, at least in 
part, for this increase. Taking into account improvements in diagnosis, it is 
fair to assume that about one-half of the present incidence is attributable to 
“spontaneous” mutations. Therefore, according to these assumptions, about 
6,000 cases of leukemia per year are attributable to the “doubling dose” of 120 
rems in 30 years, corresponding to 4 rems per year. Of the total of 6,000 cases, 
less than 4,000 would be of bone marrow origin. 

The ICRP and its committee I recommend a maximum body burden of 2 
micocuries of Sr” for occupational exposure and one-thirtieth of this as the 
maximum for an individual of the general population. This corresponds to a 
dose rate in bone of 0.2 rem per year. Under the conditions envisaged by ICRP 
(which do not include weapons testing) the average bone dose for the popula- 
tion would certainly be less than one-fifth of this, that is 0.04 rem per year in 
bone. In bone marrow the corresponding dose rate (due to Sr” in the bone) 
would be about one-third of this value or roughly 0.015 rem per year. Therefore, 
the annual increase in the number of cases of leukemia in this country attribut- 
able to the permissible population limit of Sr” suggested by ICRP, would be 


4000 
less than 4 x<0.015=15 cases, according to the method of calculation out- 


lined above. 

The fallout problem is of vital interest to this country and should be con- 
sidered on its own merits, without reference to recommendations that were not 
meant to apply to it in the first place. It is proper for scientists to estimate 
the hazards and to be conservative in making the estimates. It is also in- 
cumbent on them to point out the uncertainties involved in such estimates. 
On the other hand, careful estimates of the benefits to the country to be derived 
from additional nuclear weapons tests must be made also. The balance be- 
tween risks and benefits (both of which are numerous and diverse) must be 
made by those responsible for the safety and future of the country, with the 
advice of experts in all pertinent fields. 


Dr. Fama. Then I will limit my presentation to the minimum 


and then I will be available to answer any questions that may be 
asked. 
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Representative Hoiirietp. You may proceed in your own way. 

Dr. Fairia. The question of permissible limits has been raised 
many times, how they are set up and why have they been lowered 
three times in the last 25 years or so. I thmk perhaps I ean contrib- 
ute some information on that. 

Originally the realization of the dangers of radiation came from 
effects that’ were produced in a short time. Say, burns of the skin 
or the face, which appeared in a few weeks or a few months after the 
exposure to X-rays in the very early days of radiology. Obviously 
the late effects could not have been discovered until enough time had 
elapsed for them to manifest themselves. So in the beginning the 
protection problem was simply one of preventing these injuries that 
appeared early. Gradually, of course, the realization came about that 
there were late effects and so the protection measures were improved 
and more care was exercised. But then when you get to that point, 
you could not tell any more what effect these low level exposures had 
on the individuals because the effects were too low to show up in 
the individual in a short time. 

In the meantime from general experience and radiobiological ex- 
periments and also theoretical consideration, it was realized that it 
was Wise to keep exposure to radiation as low as possible. So the 
so-called permissible limits were lowered before there was any evi- 
dence or there had been any chance of getting evidence that the 
higher values that had been recommended before had really produced 
any harm. 

Representative Hortrrecp. In other words, this was an exercise of 
prudent caution and not based on provable laboratory experiments. 

Dr. Farixa. In part it was based on some laboratory experiments 
with animals but not with humans, obviously. 

Representative Hovirrecp. And not at that rate? 

Dr. Fara. Not at that rate, no. This actually has been going 
on for quite some time and the latest reduction was made in 1956 at 
the meeting of the International Commission on Radiological Pro- 
tection which took place in Geneva 

Representative Hoxtrrerp. Will you trace the various levels at 
which they have placed this maximum permissible dose? 

Representative Van Zanpr. What year was the meeting you re- 
ferred to, Doctor ? 

Dr. Faria. 1956. 

Representative Hoxirreip. Put the rates and the years on the board, 
Doctor. 

Senator Gore. That is a dangerous year. That was the year in 
which certain proposals were referred to as a theatrical gesture. 

Dr. Fartxia. I didn’t get that last remark. 

Senator Gore. I think I am out of your field. 

Dr. Fatma. I think I am out of yours. 

Senator Gorr. You have always been out of mine. 

Dr. Famra. I may not remember the dates exactly, but I think it 
was in 1934 that the permissible level (in terms of the dose in 1 year) 
was something like 60 rems per year. Incidentally, at that time the 
rem did not exist because we were dealing almost entirely with X-rays 
and gamma rays. In 1936, I think, was the first time that the Na- 
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tional Committee on Radiation Protection lowered the limit to half 
of that, namely 30 rems. 

Representative Hortrietp. That is 30 roentgens in 1 year? 

Dr. Faria. That is right. This is per year. Then the war came 
and during the war this was the figure that we went by on the Man- 
hattan Project, in radiology and in other applications of radiation. 
The next drop came in 1948, when the National Committee on Radia- 
tion Protection lowered the limit to 15. It was given in terms of three- 
tenths r per week, which makes it roughly 15 rems per year. The 
next drop came in 1956 and by a factor of 3 on the average, which 
brings it to 5 rems per year for whole body exposure. 

Representative Houirietp. This is occupational. 

Dr. Fatua. This is all for occupational exposure. 

Representative Hoxtrretp. This is for men in the plants in occupa- 
tions that use radioactive material / 

Dr. Faria. That is right. 

Representative Ho.irie tp. What is the comparison to the general 
population ¢ 

Dr. Faria. These committees, both international and national, at 
first were reluctant to make any recommendations that applied to the 
general population. 

Representative Hoxrrrmenp. There are three fields. There is the 
occupational worker, the people in the neighborhood of the plants, and 
the world population. 

Dr. Faria. That is right. 

Representative Houtrretp. Will you cover that as near as you can? 

Dr. Fara. F will. The first mention of a permissible dose apply- 
ing people nonoccupationally exposed was made in our “Handbook 
59,” which was published in 1954. In that case the reference was an 
indirect one. It was stated that in order to avoid the exposure of 
children, so that by the time they had reached age 18 they would not 
have accumulated a large dose, or a significant dose in comparison to 
that which they might receive by occupational exposures, it was neces- 
sary to reduce the dose that these children in the neighborhood would 
receive to about one-tenth of what was permitted for oce upational ex- 
posure. That was the first time there was any reference to anybody 
outside of a radiation area. 

Representative Hottrrerp. That was mainly for genetic protection 
rather than somatic ? 

Dr. Fama. No; that was actually for somatic effects. The idea 
was that if you allowed a child who lives near an X-ray machine in 
2 doctor’s office (and the radiation goes out of the window and reaches 
the room where this child may be, or apartment where he may be for 
the first 18 years), if you allowed him the amount of radiation permit- 
ted for workers, by the time he was 18 and he could work with radia- 
tion, he would have accumulated a large dose and, therefore, it would 
not be right to have him accumulate more dose in his occupation. 

In order to prevent that sort of thing, something had to be done and 
this was the way in which it was done. If you lowered his exposure 
to one-tenth of what he is permitted later, per year—— 


Representative Houirievp. In other words, that would be 0.5 roent- 
gens. 
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Dr. Fartia. At that time we were in the 15-rem range for occupa- 
tional exposure. 

Representative Houirretp. It would be 1.5. 

Dr. Fattuia. It would be 1.5. 

Representative Houirietp. That would be in the environment near 
the plant and would not apply to the world population. 

Dr. Fattia. That is right. 

Representative Ho.irreLp. Now the maximum permissible level is 
five-tenths, in the neighborhood, per year. 

Dr. Fattia. That is right. We maintain the same idea now in the 
ICRP report, but made it definitely for people in the neighborhood 
of a radiation installation. For the general population, the con- 
trolling factor is the genetic damage. The ICRP adopted the 10 
roentgens recommended by the Genetics Committee of the National 
Academy of Sciences for the genetic dose. That is, an average dose 
of 10 roentgens in 30 years to the gonads for the general population. 
The ICRP adopted that value, but in addition to that made an appor- 
tionment so that no one group of individuals, industrialists, or what- 
not could say we are going to use up the 10 roentgens and therefore 
we have lots of leeway. The apportionment was made in the follow- 
ing way: 

Studies had been made in some countries indicating that medical 
exposure could amount to something like 414 or 5 roentgens on the 
average for the whole population as the dose to the gonads in 30 
years. Obviously if that is the situation we cannot do anything about 
it immediately, except to put pressure on the medical profession to 
reduce that. But we couldn't say from now on you can’t use X-rays 
for medical purposes. It is not the purpose of the Commission to 
lay down any laws. The Commission only makes recommendations. 
We assumed then that in the advanced countries where X-rays are 
used extensively, about 5 roentgens in 30 years would be used up by 
medical procedures. Therefore, for other purposes, for the expansion 
of atomic energy, powerplants, and applications of isotopes, radio- 
active sources, and so on, and waste disposal, there would be available 
only 5 rems in 30 years. 

We divided that up as follows: For occupational exposure we as- 
signed 1 rem of the genetic dose of 5 rems; 0.5 rem for people in the 
vicinity of plants; 2 rems for the general population; and 1.5 rems 
(which is the balance of the 5) we kept as a reserve in the sense that 
these figures were given as recommendations to design plants and to 
work out methods of waste disposal, and so on, and there might be 
unknown factors. 

Representative Horirtetp. Including fallout ? 

Dr. Fattua. No; not including fallout at all. 

Representative Horrriretp. That 1.5 reserve is not for fallout? 

Dr. Fartta. No. Assuming that perhaps some mistakes were made 
in these estimates and calculations, you still had 1.5 to go by, and 
would still remain below the 5. The ICRP has never considered the 
problem of fallout as coming within its province. It is a special prob- 
lem, and if you bring it up in an international commission you imme- 
diately run into the difficulty of political angles, and soon. Actually, 
it has never been mentioned. These levels are set by the International 
Commission on Radiological Protection and are not intended to apply 
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to fallout at all. It is obvious that people are going to use these 
levels and make comparisons, and we have no objection to that. How- 
ever, it should be borne in mind that the conditions envisaged by ICRP 
are quite different from those that apply to fallout. We are thinking 
of the very distant future and we make recommendations that are 
very conservative, according to our present knowledge, especially in 
the case of internal emitters, because there is not really a good way 
of determining how much an individual has in his body. 

As far as the peaceful applications of atomic energy are concerned, 
the strontium problem would not be a serious problem at all because 
it would take a long time to accumulate from even waste disposal as 
much as there is on the surface of the earth now from fallout. So 
there is always a possibility of changing these values, and the Com- 
mission, as you see, has changed these values from time to time. When 
you proceed at a slow pace it is always possible to do this. Therefore, 
in the case of the internal emitters especially we were particularly 
careful to recommend low limits so that as we acquire more infor- 
mation we can raise the limits rather than lower them. 

Representative Hotirietp. Would you tell us what the one-thirtieth 
number, which was refered to by the ICRP, means ? 

Dr. Faia. These values that I put on the board are for exposure 
of the whole body. When it comes to exposure of a single organ 
which can occur really only in the case of internal emitters that 
concentrate in one pi ticular or gan, such as strontium 90, we did not 
lower the permissible limit by the factor of three that is shown on 
the board. The reason for that is that obviously if you permit the 
whole body to be exposed to a certain dose in every one of its organs 
and tissues, the hazard is very much less if only one organ is being 
exposed. The factor of three doesn’t mean anything in itself. But 
it was used simply because we lowered the value for whole body ex- 
posure by a factor of three and we left the other one as it w: as—that 
gives the base line for occupational exposure. Then the permissible 
dose per year would be about 15 rems for a single organ, where no 
other organ is irradiated. This does apply for ocupational exposure 
and includes any contribution made by whatever material concen- 
trates in that organ and even includes radiation reaching that organ 
from the exterior. 

Then we had to do something about the dose for the people in the 
vicinity and the dose for the general population. The dose for the 
general population, in the case of genetic effects, is fairly easy to de- 
fine because there is pretty good agreement—at least there was before 
Dr. Russell's latest result—that it ‘didn't make any difference whether 
a few people got a large dose or a larger number got a correspond- 
ingly smaller ‘dose. But for somatic effects you can't very well get 
people to agree that there is no threshold and we do not know as 
much about the situation as perhaps we think we know about the 
genetic situation. 

There was no way, really, of giving some average dose for the 
population that applies for the production of leukemia or bone tumors 
or some other type of effeet. So the recommendtion was made in an 
indirect way, and what was suggested was that the value recom- 
mended for occupational exposure be reduced by a factor of 30, the 

value for occupational exposure being 15 rems per year, in a single 
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organ. Therefore, dividing that by 30 you get the annual dose of 
0.5 rems at the permissible dose for a single organ in the average in- 
dividual of the Pe ition. 

I am sorry, | didn’t mean to say that. That is the maximum for 
an individual and not the ‘average. The distinction between what was 
done for the genetic dose and what was done for the somatic dose is 
exactly that. In one case you could give an average for the whole 
population and in the other case you couldn't. Therefore, that five- 
tenths is not for the average individual in the population but rather 
for a single individual in the population. Actually the wording of 
the recommendation is not very clear. As a matter of fact, Dr. 
Morgan has given it a different interpret ation than I have given. 
This will be clarified at the next meeting of the Commission, which is 
going to take place in July. 

Representative Hoxirrenp. Could I sum up what you said, as I 
understand it? Both the National Committee on Radiation Protec- 
tion and the International Commission on Radiological Protection 
have within the past year revised their recommendations with regard 
to permissible internal doses and have come up with almost identical 
tables for strontium 90, 

Dr. Faria. Yes. 

Representative Hoxtrretp. Both of those have recommended that 
for external exposure one-tenth of the present occupational exposure 
for workers be used as the permissible level for populations living 
near atomic installations. 

Dr. Fata. Yes. 

Representative Hortrietp. This is mainly to take care of popula- 
tion genetic effects. 

Dr. Fara. Not in the case of strontium, no. This would be for 
somatic effects. 

Representative Horirrevp. In addition to those two levels on which 
they pretty well agree, the International Commission has for the first 
time this year recommended permissible levels for world population. 

Dr. Fartxa. That is right. 

Representative Horrrrecp. And these are as follows: 

Internal dose for internal permissible levels for the world popula- 
tion for water, food, and air, it is recommended that one one-hun- 
dredth of the internal permissible levels for workers be used for iso- 
topes such as cesium, which will have genetic effects. 

Dr. Fama. Yes, that is right. 

Representative Ho.trrecp. For the internal dose it was recom- 
mended that for isotopes such as strontium 90 where the effects are 
mainly somatic as opposed to genetic, that one-thirtieth of the permis- 
sible occupational level for w orkers should be used. 

Dr. Fatmtia. Yes. May I interrupt? 

Representative Hoirrrevp. Yes. 

Dr. Fata. There is some confusion at the present time because 
the recommendation that was made is not very specific. 

Representative Horirretp. I noticed that. 

Dr. Fatia. Whether average refers to average among the eran 
in the population or average with respect totime. It is necessary also 
to average with respect to time. 
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Represenative Houtirietp. They are studying that now and will come 
up later with a clarification, as I understand. 

Dr. Fama. Yes. 

Representative Hoxrirrerp. Did I make a mistake when I said 
water, food, and air? Should food be eliminated from that in the 
internal dose of one one-hundredth ? 

Dr. Fattia. Yes. Only two, water and air, are mentioned in the 
ICRP, or the NCRP report. The permissible concentrations are 
given only for water and air. What they are intended for is to limit 
the intake of the material into the body so that it will not exceed the 
body burden that is stated in the same table. 

Representative Hoxrrrevp. How can they exclude food from that? 

Dr. Faitia. They don’t exclude food because if you have food con- 
taining this material then you have to go according to the intake of 
food, the kind of food, how much the food contains and soon. But 
you can do it in terms of either the air of the water because that gives 
you the amount of radioactive material that you can take in either 
through the lungs or through the digestive tract. The value for air 
and the value for water do not apply simultaneously because that 
will give you too much. So you always have to work it out in terms 
of the corresponding amount of radioactive material. 

Let us say that the intake of water in man averages 3 quarts or a 
quart and a half, or whatever it is per day. Then if you allow so 
much radioactive phosphorous to be in a quart of water, it is assumed 
that the permissible limit will not be exceeded. That means that 
the same amount of phosphorous now can be taken through something 
else if you drink pure water. 

Representative Hoxtrretp. Then the one one-hundredths level of 
internal permissible dose would be for anything that you either 
breathe or swallow, you might say. 

Dr. Faryia. Yes. It doesn’t make any difference how you take it 
in, but you can’t exceed a certain amount of material per day or per 
week. 

Representative Hottrretvp. Dr. Crow, do you have anything to add 
to Dr. Failla’s discussion ? 


STATEMENT OF DR. JAMES CROW,’ UNIVERSITY OF WISCONSIN 


Dr. Crow. I have a prepared statement, but I don’t think I will 
read it. 

Representati ive Hourrrerp. Will you summarize it? 

Dr. Crow. Yes. I would like to say a few things. 

Representative Hotirevp. It will appear in the record in full. 

(The statement referred to follows:) 


STATEMENT OF Dr. JAMES F. Crow, UNIVERSITY OF WISCONSIN, May 7 


In the past the National Committee on Radiation Protection and the Inter- 
national Commission on Radiological Protection have concerned themselves 
mainly with maximum permissible concentrations in occupationally exposed 
groups. Recently there has been increasing concern with the effects of wide 
scale distribution of small doses of radiation over entire populations. It is this 
problem that I wish to discuss. 


See biographical sketch, p. 1563. 
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It is generally agreed that for genetic effects there is no threshold—no dose 
that is completely “safe.” Any radiation that reaches the reproductive cells is 
thought to entail a risk roughly proportional to the amount of radiation. The 
interval between the occurrence of a mutation and a specific harmful effect due 
to that mutation may be several generations. Therefore, the way in which the 
radiation is distributed over the population—whether a small number of persons 
receive a large amount or a large number receive a correspondingly smaller 
amount—makes little difference. The effect on future generations depends 
mainly on the total (or the average) dose received by the population. 

For these reasons the recommended maximum permissible dose to the popula- 
tion is best given as an average amount. It is not thought to be serious if some 
individuals exceed the average, as must certainly be the case for example 
with some necessary medical procedures, as long as the overall average is low. 

The National Academy of Sciences Committee on the Genetic Effects of Radia- 
tions, The National Committee on Radiation Protection, and the International 
Commission on Radiological Protection have made almost identical recommenda- 
tions with respect to the genetic dose. The National Academy of Sciences Com- 
mittee has recommended that the amount of radiation to the reproductive cells 
be restricted so that the average dose for the population be less than 10 
roentgens in the period between birth and reproduction, a period of about 30 
years on the average. This includes radiation from medical and dental sources. 
If this is taken as 5 roentgens, which is close to some estimates for the United 
States, then there remain 5 roentgens for radiation due to industrial and other 
applications of nuclear energy. This is not far from the background radiation 
level of 3 roentgens. The hope, of course, is that the actual levels of radiation 
received by the population will be considerably below this. 

For somatic effects of radiation—effects on the individual receiving the ra- 
diation, not his descendants—there remains considerable uncertainty as to 
whether there is or is not a threshold below which no effect is produced. Many 
of the animal experiments at high doses have been interpreted as favoring a 
threshold interpretation. On the other hand, there is some evidence for pro- 
duction of leukemia by very low doses. I think at present it is best to regard 
the question as unsettled. 

In this state of affairs, as long as there remains the distinct possibility that 
effects can be produced by very low doses, it is only prudent, I believe, to 
assume that there is no threshold and plan protective measures accordingly. If 
later it is discovered that this was in error, we have simply been overcautious; 
this is far preferable to the opposite error of under estimating the effect and 
discovering the mistake too late. 

If we make this assumption, we must consider the possibility that very low 
doses do entail some risk of somatic damage. As with the genetic risk, we must 
eventually strike a balance between the risk associated with the radiation and 
the expected benefits to the individual or to society from the use of the radiation. 

A maximum permissible dose is necessarily arbitrary. The level cannot be 
set low enough to remove all risk. Therefore, one tries to find a dose level 
which, though not absolutely safe, can be tolerated and for which there is reason- 
able expectation that the benefits outweigh the risk. 

At present it is not possible to weigh benefits against risks for low-dose 
somatic effect. We don’t know with any precision what the risks are, nor can 
we express the benefits quantitatively. 

In the absence of this information, I believe the wisest course of action is 
to try to keep the population dose level somewhere near the background level of 
natural radiation. 

There are several reasons for this. One reason is that this can be relatively 
accurately measured and does not change with time. More important, this is a 
level of radiation to which the human population has been exposed through- 
out its history. The further we get from this level, the less confidence we have 
that any effects will be similar in kind and quantity to those the population 
has experienced in the past and been able to tolerate. 

The present background level differs somewhat with altitude and geology, but 
the average is approximately 0.1 roentgens per year. 

I am not saying that the maximum permissible level should be set at 0.1 
roentgens per year; it might be somewhat lower or higher. But I believe it 
should not be set much higher than 0.1 roentgen per year without a careful 
consideration of the validity of the reasons for having a higher level and the 
expected benefits to the individual or society from a higher dose. 
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I have not said anything about medical and dental radiation with respect to 
somatic effects. The main reason is that in this case the benefit and the risk 
occur to the same person. Furthermore, there are medical circumstances when 
it is clearly desirable to go beyond the maximum permissible dose. Of course, 
proper shielding and other precautions should be taken to keep the dose as low 
as is reasonable. 

There are many difficulties in determining somatic doses. Some radioactive 
compounds such as cesium give quite a uniform radiation throughout the body. 
Others tend to concentrate in certain organs, such as strontium in bone and 
iodine in the thyroid. Some elements decay rapidly or are eliminated from the 
body so that all the radiation is given quickly, others remain and give off 
radiation for long periods of time. Some may be more effective in different age 
groups; for example, young children may under some circumstances take up 
larger amounts and, therefore, receive heavier radiation. 

It is necessary to realize further that it is not practical to set a maximum 
permissible dose and have any effective way of monitoring this by measuring 
individuals. We obviously cannot measure the strontium content in everybody’s 
bones. This means that any control measures will need to be directed at the 
environment. Maximum permissible doses would have to be determined for 
such factors as air, water, and milk such that the amount of radiation received 
by a person in this area will be below the permissible dose. Recommendations 
regarding levels in the environment will require revision as new information 
becomes available. 

One reason for prompt determination of environmental standards is for 
purposes of planning for industrial applications of nuclear energy. It is im- 
portant that no one source of radiation become large enough that other develop- 
ments are restricted. 

To summarize: The National Academy of Sciences Committee and the National 
Committee on Radiation Protection have made recommendations regarding the 
average genetically effective dose, based on the generally accepted assumption 
that no dose, however low, is entirely free of risk. The evidence for somatic 
effects (effects on the same individual as received the radiation, not his de- 
scendants) is far from clear as to whether there is or is not a threshold below 
which no effect is produced. Until the question is answered, the only prudent 
course, I believe, is to assume that there is no threshold. The natural back: 
ground level of radiation is one that the human population has been exposed to 
presumably throughout its entire history and has been able to tolerate. I sug: 
gest that it be used as a standard to which a maximum permissible somatic 
dose is related. 


Dr. Crow. In fact, I would rather read the pertinent parts. I am 
going to devote myself entirely to the population dose question, rather 
than the industrial. 

Representative Houirievp. Is that population near the plant or the 
world population ? 

Dr. Crow. Population at large. 

Representative Hotir1etp. The world population. 

Dr. Crow. Yes. It is generally assumed, still assumed, I think, that 
for genetic effects there is no threshold. For this reason, the recom- 
mended maximum permissible dose to the population is best given as 
an average amount. It is not thought serious if some individuals 
exceed the average, as must certainly be the case with some necessary 
medical procedures as long as the overall average is low. 

The National Academy of Sciences Committee on the Genetic 
Effects of Radiations, the National Committee on Radiation Protec- 
tion, and the International Commission on Radiological Protection 
have made almost identical recommendations with respect to the gene- 
tic dose. The National Academy of Sciences Committee has recom- 
mended that the amount of radiation to the reproductive cells be 
restricted so that the average dose for the population be less than 10 
roentgens in the period between birth and reproduction, a period of 
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about 30 years on the average. This includes radiation from medical 
and dental sources. If this is taken as 5 roentgens, which is close to 
some estimates for the United States, then there remain 5 roentgens 
for radiation due to industrial and other applications of nuclear en- 
ergy. This is not far from the background radiation level of 3 roent- 
gens. The hope, of course, is that the actual levels of radiation 
received by the population will be considerably below this. 

The NCRP has become recently concerned with the question of set- 
ting permissible somatic doses for the general population. To this 
end it has appointed an ad hoc committee of which I am a member to 
make recommendations regarding the principles to be used in setting 
such a dose. This committee has not yet submitted its report in final 
form, but its general conclusions are agreed upon, and these I should 
like to briefly report. 

For somatic effects of radiation, there remains considerable uncer- 
tainty as has been abundantly clear in this hearing as to whether there 
is or is not a threshold. Many of the animal experiments at high 
doses have been favoring threshold, and on the other hand, there is 
some evidence for production of leukemia at low doses. I think at 
present it is best to regard the question as unsettled in this state of 
affairs that there remains a possibility that some effects can be pro- 
duced by low doses. It is only prudent to believe that there is no 
threshold and plan protective measures accordingly. If later this is 
discovered to be an error, we have simply been overcautious. This 
is far preferable to the opposite error of underestimating the effect 
and discovering the error too late. 

If we make this assumption, we must admit the possibility that 
some low doses admit damage. We must eventually strike a balance 
between the risks associated with the radiation and the expected bene- 
fits to the individual or society from the use of radiation. A maxi- 
mum permissible does is nec essarily arbitrary. On this hypothesis 
the situation does not change suddenly from safe to harmful as the 
permissible level is passed. The level cannot be set low enough to 
remove all risk. Therefore one tries to find a dose level which though 
not. absolutely safe can be tolerated and for which there is a reason- 
able expectation that the benefits outweigh the risk. 

At present it is not possible to weigh benefits against risk for low 
dose somatic effects. We don’t know with any precision what the risks 
are nor can we express the benefits quantitatively. In the absence of 
this information the committee believes that the wisest course of 
action is to try to keep the population dose level of manmade radiation 
exclusive of medical radiation somewhere near the background level 
of natural radiation. That is, keep the dose of manmade radiation 
on top of the preexisting background level. 

There are several reasons for this. One is that this can be relatively 
accurately measured and does not change with time. More important, 
this is the level of radiation to which the human population has been 
exposed throughout its history. The further we get from this level, 
the less confidence we have that any effects will be similar in kind and 
quantity to those that the population has experienced in the past and 
has been able to tolerate. 

Representative Horrrretp. Does this constitute a complete new ap- 
proach to the formula for setting the maximum permissible concen- 
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tration? Heretofore you have worked back from an occupational 
hazard tothe amount you allow the full population. Now, in the place 
of taking an occupational hazard and working back, you are taking 
the background radiation to which mankind is exposed and using that 
as your base. 

Dr. Crow. That is correct. 

Representative Hotirrevp. Is this a completely new approach ? 

Dr. Crow. It is a new approach. I think it is unfair to the ICPR 
to say it is a totally new idea. This has been kicked around a great 
deal. 

Representative Horirretp. I don’t say it is a new idea. This is the 
first time I have heard it expounded. To me it seems based on some- 
thing that is real and tangible and has been in existence for many 
years, rather than an arbitrary situation that may exist in an industrial 
plant. 

Dr. Crow. That is the committee’s view as well. We are not saying 
that the maximum permissible level exclusive of natural radiation 
and that for medical purposes should be set at exactly one background. 
It may be somewhat higher. But we believe it should not be set much 
higher than the background level per year without a careful consider- 
ation of the validity of the reasons for having the higher level and the 
expected benefits to the individual or society from a higher dose. 

I should like to note that this recommendation is an essential quanti- 
tative agreement with the ICRP, although derived in a different way, 
as you implied. Dr. Failla has told us that for strontium the ICRP 
recommends 0.2 r per vear or 0.5 r per year, depending on which way 
you calculate it, which is of the same order as the background level. 

Representative Hontrretp. Your background level is 0.7 of a roent- 
gen per year. 

Dr. Crow. That is right. 

Representative Honirretp. Or 1 roentgen over a 70-year lifetime 
period. 

Dr. Crow. That is correct. We have not said anything about med- 
ical and dental radiation with respect to somatic effects. The main 
reason is that in this case the benefit and the risk occur to the same 
period. Furthermore, there are medical circumstances where it is 
clearly desirable to go beyond the maximum permissible dose. Of 
course, proper shielding and other precautions should be taken to keep 
the doses as low as feasible. There are many difficulties in determin- 
ing somatic doses for the individual. Some radioactive compounds 
such as cesium give uniform radiation throughout the body. Others 
are concentrated in particular organs. Some may be more effective 
in the different age groups. It is necessary to realize further that it is 
not practical to set a maximum permissible dose and have any effective 
way of monitoring this by measuring individuals. We obviously can- 
not measure the strontium content in everybody's bones. This means 
that my control measures will need to be directed at the environment. 

Maximum permissible doses would have to be determined for such 
factors as air, water, and milk, such that the amount of radiation 
received by a person will be below the permissible dose. Recom- 
mendations regarding levels in the environment will therefore require 
revision as new estimates become available. 
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Representative Hoxirrevcp. I think that is a very fine and clear 
statement. Are there any questions of Dr. Crow / 

Representative WestLanp. I would like to question Dr. Failla on 
the figures he has on the board. There is quite a change in the 
picture from 60 rems in 1934 tod rems today. 

Dr. Fattia. Yes. 

Representative WrsrLanp. I presume the reasons for this change 
were good, and that they were based on research and perhaps the 
study of subjects. I would like to ask you this. Are there any people 
or animals that were subject to the 60 rems in 1934, or 30 rems in 1936, 
which have been under study since then? It is now almost 25 years 
later. So that any estimate could be made of the damage that was 
done to those peeple and those animals, or was there any “damage ? 

Dr. Faruia. During the days of the Manhattan project, a great deal 
of work was done at levels in the neighborhood of 60 or 30 r per 
year. We used to talk in terms of one-tenth r per day at that time. 
Lorenz at the National Institutes of Health carried out extensive 
experiments with mice at levels in that neighborhood and higher. 
Also, in Rochester they carried out experiments on rats and guinea 
pigs and dogs in that level of exposure. Boche made an extrapolation 
that indicated that even at the low daily doses there could be a shorten- 
ing of the lifespan, but exper imentally there was no shortening of life 
span for the one-tenth r per day exposures. As a matter of fact, 
Lorenz’ mice had a Saensithiliale of the lifespan as compared to the 
controls. But the controls were not very good, actually. So the 
ansWer was not significant statistically. It simply meant that you 
could not tell the difference under the conditions in which the ex- 
periment was made. Whether one-tenth r per day did or did not 
decrease the lifespan of the mice was not determined. 

Representative WestLaAnp. But people were exposed to this 30 rems 
per year, were they not ? 

Dr. Fatua. Yes. 

Representative WestLanp. Or 60 rems? 

Dr. Faitia. As I pointed out before, the effects about which we are 
worrying are latent effects that do not appear for maybe 25 or more 
years. Therefore, they could not be detected immediately, and, 
fact, they cannot be detected except by statistical studies. There ate 
been statistical studies carried out on ‘radiologists and technicians who 
were exposed to X-rays and radium in the old days as to the lifespan, 
and as to the incidence of leukemia. In fact, in one study that was 
carried out by Dublin and Spiegelman, I think, the total incidence of 
cancer in radiologists was somewhat higher, but not significantly 
higher than in other medical specialists. 

The difficulty is that you have to wait so long before you can find 
out what happens to the individual. In the meantime, because of the 
general feeling that radiation was bad, there was no such thing as a 
good dose of radiation unless you were sick and had cancer or some- 
thing of that sort in which case you received very large doses of radia- 
tion. The tendency has been to increase the protection gradually. 
Therefore, there has not been any long period of time where indi- 
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viduals have been exposed at the same rate and that you have had the 
chance to observe what has happened to those individuals. 

Representative WesTLaNp. You have had since the time of the Man- 
hattan project, Doctor, have you not, to observe people who were 
exposed to 30 rems. 

Dr. Fama. We must distinguish now between a recommended 
limit and what people actually receive. 

Representative WestLanp. I am going back to your figures. 

Dr. Fama. That is a very good point. That was the maximum 
permissible dose. That does not mean that the workers that worked 
in the plants during the days of the Manhattan project or at the 
present time get anywhere near that amount of radiation on the aver- 
age. There may be a few that get the maximum permissible dose accu- 
mulated over a period of a year. On the average they receive less. In 
fact, the great majority receive less than one-tenth of that amount. 
In those individuals you do not see any changes whatsoever. The 
only way in which you can find out what is happening to those indi- 
viduals is to wait 25, 30, or 40 years, and then make a statistical study 
and compare them with another group that have lived under similar 
circumstances but not exposed to radiation. 

Representative WestrLanpb. In other words, in another 10 years or 
so you will probably have some real figures to go on. 

Dr. Faria. I don’t think so. I don’t think you will ever have any 
figures to go on any more than you have today because of the fact 
that the permissible limits are so low now that you can’t possibly 
detect any changes. The statistical error involved is going to be so 
large in comparison to what you might expect to find, you will never 
be able to tell. 

Representative Hoxtrrevp. In other words, you think the permissible 
levels have now been set so low that for all practical purposes they 
won’t be changed ? 

Dr. Fattia. Yes. I think that we have essentially touched the 
bottom. 

Representative Honirretp. You have gotten them so low that vou 
have a cushion of safety involved that you think is adequate. 

Dr. Faria. Yes. As I pointed out before, when you set the maxi- 
mum permissible limit that is for any individual. Obviously on the 
average the individual is going to get very much less than that. So 
you would never get a very large group that has received this amount 
of radiation. 

Representative Hottrietp. This is very interesting. I think we can 
go on but it is 15 minutes after 4, so at this time I am going to ask 
the rest of the panel to come forward. 

We will now have a roundtable on permissible exposure levels in 
relation to weapons testing. I think I will start off by picking up the 
Gamarekian article, and ask Dr. Morgan to give us an interpretation 
of that article of the Subcommittee on Internal Dosage. You are the 
chairman, I understand, of the Subcommittee on Internal Dosage of 
both agencies. Will you give us your evaluation of this article, and 
the methods of computation used in the article, Dr. Morgan? 
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ROUNDTABLE ON PERMISSIBLE EXPOSURE LEVELS IN RELATION 
TO WEAPONS TESTING. PARTICIPANTS: DR. G. FAILLA, DR. 
JAMES CROW, DR. CLINTON POWELL, DR. K. Z. MORGAN, DR. FOR- 
REST WESTERN, DR. JACK SCHUBERT, MR. LAURISTON TAYLOR 


Dr. Morcan. Mr. Holitield, I glanced at the first part of the article 
and didn’t agree with the argument so I didn’t read all of it. 

Representative Hotirieip. Since that time have you had an oppor- 
tunity to read the article / 

Dr. Morgan. No, I have not. If you like, I could give you my 
method of calculation of permissible dose and what is used in the 
international handbook. 

Representative Honiriecp. I think that the record should show that. 
After you give the record of your computation from the formula that 
is put forth in the book that Mr. Gamarekian used, table 5 of the 
Health and Safety Laboratory, April 20, Atomic Energy Commission 
office, data on strontium 90 content in milk and other food, prepared 
for this hearing, give us your interpretation of it, please. 

Dr. Morcan. May I gotothe blackboard ? 

Representative Hotiriep. Yes, sir. 

Dr. Morgan. I was not at the hearings earlier, but I have gotten 
hold of this reference (see p. 1252) that I believe was used, and picked 
out the largest figure of radioactive contamination of bread that 1 
could find. I believe this (198+4yue Sr®/Kg) is the one that Mr. 
Gamarekian was referring to. 

First of all, 1 would hke to give the calculation and indicate how 
I as a member of the ICRP and as chairman of the Committee on 
Internal Dose (that has recently prepared this internal dose manu- 
script for publication) would apply it. 

First of all, the ICRP value applies for continuous exposure—and 
I would like to underline this word “continuous” exposure—for oceu- 
pational workers. It is given in the new handbook as 10-° microcuries 
of strontium 90 per ce. of water. This assumes that a person con- 
sumes a total of 2,200 ce. of water per day. 

The International Commission on Radiological Protection suggests 
the factor of 149 as a multiplying factor to be applied as a guide’ when 
using the occupational values for the population at large. That is, 
except for the case of gonad seekers (and strontium is not a gonad 
seeker) we can multiply the continuous occupational MPC values by 
ling. tf we multiply this 10-° by 1% it gives us approximately 
3X 10° microcuries per ce. of the strontium 90 for water. But this 
again is for 2,200 cc.’s per day, continuous exposure for the popula- 
tion at large. 

I don’t know how much bread the av erage man consumes, but as 
Dr. Failla has already indicated, the v alues given in these internal 
handbooks take the figure of 2,200 ce.’s per day which is the average 
of all the consumption of water of the average man. The water 
contained in food, water contained in coffee and other drinks, the 
entire intake of water, even from what you inhale is included in 
this 2,200 cc. So if one were to assume that on the average man con- 
sumes—to make the arithmetic simple—220 grams of bread per day, 
and if we multiply this ratio of 2200/220 by. 3X 10-8 microcuries per 
ee. we get the figure of 3 107 microcuries per cc. of bread. 
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If one takes the highest figure I could find from this reference 
(Hasl 9519), for Brookview, Ill., bread, a figure of 198 micromicro- 
curies of strontium 90 per kilograms of bread with a very low prob- 
able error of +4 pyc and convert the units, this would ee 
mately equal to 210 microcuries of strontium 90 per cc. of bread. 
This figure, you see, then is 66 percent or is two-thirds of what I would 
calculate to be the maximum permissible value. 

Representative Ho.irretp. How does that compare with Mr. Ga- 
marekian’s figures? 

Dr. Morean. I believe, sir, he found that the maximum in the bread 
exceeded the maximum permissible value suggested by the Inter- 
national Commission. According to my estimates the maximum value 
I can find is less than that recommended or suggested by the Inter- 
national Commission. 

Representative Van Zanpr. Did you say two-thirds of the maxi- 
mum permissible dose, Doctor? 

Dr. Morean. That is right. 

Representative Horirretp. That is somewhat different from four 
times the maximum permissible dose. 

Dr. Morean. I would like to make this one further point that I 
think is even more pertinent to the issue—and here there 1s some vari- 
ance of interpretation; Dr. Failla, as one member of the International 
Commission, gave his view of something that was not specifically 
stated in the International Commission report and I as another mem- 
ber, will give mine. I consider that these MPC values for the popu- 
lation at large are average values and not maximum values. This 
is what they would have to be. This is the way we have treated them 
in the internal dose text of the International Commission report 
which has gone to publication. 

Representative Hotirtetp. May I ask one question before you go 
to the next illustration? Does the panel substantially agree with 
the figures Dr. Morgan gave on the board, or is there a variance of 
opinion? If there is we would like to have it expressed at this time. 
I see a gentleman in the audience, Dr. Selove. We would like to have 
you come forward. 

Dr. Srtove. I had a hard time behind the board hearing what was 
going on. I have one question. I did not understand one calculation 
that Dr. Morgan made. Perhaps I could ask him this question. If I 
understood the calculation you made for the permissible level of stron- 
tium 90 in bread, you first had the number which represented the 
permissible number of microcuries or whatever units of strontium 90 
in 2,200 ce’s of water, and then said that since a typical bread intake 
was 220 grams instead of 2,200, you used a 10 times larger number 
of micromicrocuries per gram as the permissible level in bread, is 
that correct ? 

Dr. Morgan. That is correct. 

Dr. Serove. My understanding of this then would be that if a man 
obtains strontium 90 only from bread and ate 220 grams of bread and 
no strontium 90 from any other food, we would then in this interpre- 
tation obtain a maximum permissible amount of strontium 90, is that 
correct ¢ 


Dr. Morean. That is right. 
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Dr. Srvove. It would seem to me that would not be the most rea- 
sonable way to set a permissible level for bread because one should 
consider the possibility that other foods also would contain 
strontium 90 

Dr. Powetn. Mr. Chairman, I would like to say that I was about 
to make somewhat the same comment. This does not disagree with 
Dr. Morgan’s calculation, but relates to its interpretation. I think 
what he has derived is the percentage of the total daily intake of 
strontium which could come from the bread eaten by an individual 
and therefore assumes, if one is talking about two-thirds of a maxi- 
mum permissible amount, that one had no other strontium intake, 
which is perhaps not a likely situation. 

Dr. Morcan. This point is very well taken and has been considered 
in the international reports. What we do there is calculate the per- 
missible concentration for each item of exposure, not only for bread 
and for water but also for external exposure to neutrons and gammas. 
The criterion is that no organ of the body must exceed the permissible 
level that we set from all these sources. If I could just make one 
little drawing on the board, I think it would further emphasize the 
point. If we were to plot a graph and let this [a straight line on the 
graph of dose rate versus time of exposure] be the average background 
dose rate which the International Commission has taken as 4.5 rems 
to the age of 30, then above this 4.5 line we have the maximum (a 
value of 8.5 rem/30 years) reached by eating for one’s entire life 
the highly active bread at Brookview, Ill. We will mark on 
the gr aph this line as 8.5 rem/30 years reached after a lifetime ex- 
posure. At this level we have the maximum permissible v value that 
is set for bone [pointing to a line on the graph at 10.5 rem/30 years, 
or 6 rem/30 years above background]. “This figure would then be 
6 rems above the background. Then up here, 15 rems above back- 
ground, we have the average permissible level for bone marrow, which 
might actually be the more important tissue if we are concerned 
primarily with leukemia or with some other bone diseases. So what 
we actually have are variations of this sort [ pointing to typical varia- 
tion shown on the graph] around the background with one particular 

‘ase that has gone up this high [pointing { to the short period rise on 
the graph due to Brookview ‘bread ] while the maximum permissible 
is still up here [pointing to the 10.5 rem/30-year figure]. If these 
permissible dose rates for the population at large are interpreted to 
apply to averages, we have never even gotten near the maximum 
permissible average for the population at large and only one small 
segment of the population would reach two-thirds of it if it consumed 
the Brookview bread at the highest measured value for a lifetime. 

Representative Hoxirietp. In other words, the significance of the 
measurement of the bread was not an average over a long period of 
time, but was apparently one incident ? 

Dr. Morean. It is not only one incident applying to one small 
segment of the population, but it is a high exposure for a small in- 
terval of time. According to my interpretation, we have to integrate 
over both time and numbers of people in getting the average per- 
missible value. 


Representative Van Zanpr. Doctor, could we apply the term “hot- 
spot”? 
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Dr. Morecan. Are you referring to hotspot with reference to the 
bone or with reference to a locality ? 

Representative Van Zanpr. Locality. 

Dr. Morcan. My own interpretation is that occupational exposure 
itself is a hotspot. You permit higher doses to smaller groups. The 
probability of running into trouble at doses even a hundred times 
this average value for the population at large is quite low. I believe 
the problem we are Seaneanned with here is trying to keep the average 
dose as close to background as we can in reference to the population 
at large. 

Representative HotirreLp. The thing that we are trying to do is to 
put this in proper perspective. The thing that alarms me about 
some of these newspaper articles is because it brings worry to people 
due to the fact that they do not understand the period of time involved, 
nor the very small measurements that are being used in this field, 
nor do they understand the cushion of protection below the actual 
permissible level and the level that it is usually considered that harm 
occurs. 

Dr. Morcan. Could I make one other statement ? 

Representative Hoirtevp. Yes. 

Dr. Morcan. I would like to say as a health physicist our mission 
in life is to keep these exposures from fallout and all sources as low 
as we possibly can. On the other hand. I don’t believe I can be a 
scientist or health physicist and not have some regard for medical 
exposure which is many, many times higher than chia, and in many 
cases could be reduced materially to the population. How can we 
worry so much about the 1 percent due to fallout and ignore the 99 
percent of the problem due to medical exposure? I wish that all 
medical groups would do as the radiologists have done recently, and 
try to reduce the exposures to their patients and others. 

Representative Hotirretp. We will leave that now unless someone 
else wishes to comment on it, and let us get to the other points in our 
round table. 

Dr. Fattia. Mr. Chairman, may I make one comment ? 

Representative Honirietp. Yes, Dr. Failla. 

Dr. Fama. I think we have to consider these permissible limits in 
terms of what the tissues get and not what the earth contains or what 
the cow contains or some other thing. In other words, what we have 
to worry about is the concentration of radioactive material in a certain 
organ and how it gets there. The limit set in the table that Dr. Mor- 
gan has prepared, is based on estimates that if one takes in this radio- 
active material at a certain rate, for example in 2,200 cubic centimeters 
of water per day, the amount that will concentrate in a particular 
organ over a period of 50 years is not going to exceed what. we consider 
today to be a reasonable dose. 

Representative Horirietp. Then it is a considered opinion that in 
one concentration of radioactivity of this type in bread in one area 
that does not necessarily mean that the body has absorbed more than 
the maximum permissible dose, because of the factor of discrimination, 
and because of the factor of time involved; is that right? 

Dr. Famia. That is taken care of in arriving at a permissible con- 
centration in water. All those factors are taken into account. I 
would say that whether you take the radioactive material in water 
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or in bread or vegetables or any other food is immaterial so long as 
the total amount that you take in does not exceed the amount that 
corresponds to the permissible concentration in water. 


Representative Houirietp. But that does not apply to 1 day or 1 
week. 


Dr. Fattua. No. 

Representative Hoiirietp. It applies to a whole lifetime. 

Dr. Fattia. You have to average that over a lifetime. As a matter 
of fact, the assumption ts that the maximum amount that the organ 
receives is not immediate, but after a long time of exposure. This 
depends on the half life of the material. “Tf it has a short half life 
then that equilibrium amount is reached soon. But if it is a long 
half life material, such as strontium, it takes quite some time before 
you reach the so-called maximum permissible body burden at the rate 
that the intake occurs, if the permissible concentrations are not 
exceeded. 

Representative Horirieip. Is there any statement that anyone else 
wishes to make on the maximum permissible dose or do you want to 
rely on questions at this time? 

Dr. Western. In this very complex field, it is almost impossible to 
avoid oversimplifying the statements that we make. I think that 
almost every statement which has been made here this afternoon has 
been oversimplified and is subject to question. I would like to qualify 
some of the statements that have been made in the last few moments. 

In the field of fallout, we have indicated quite frequently that at 
the present time our primary interest is in the hazard to young chil- 
dren. For one reason at least, if for no other, this is because it is in 
the young children that we find the highest concentrations of stron- 
tium 90. The length of time it takes for a young child to come into 
approximate equilibrium with his environment is not a period of 
many years. A child aged 2 or 3 years is in fair equilibrium with his 
environment already, to such an extent that we can use this term 

“equilibrium” accurately. 

Perhaps some of my friends here will say that I am not using 
it accurately, but at least to a first approximation I think one can say 
this is true. 

Second, following up the statement which I believe Dr, Failla made, 
that what we are interested in is the dose to the or gan, it seems to 
me that we can bypass many more or less academic arguments by 
looking at what we are actually finding in children at this time. We 
have had reports, for example, of Dr. Kulp, showing that the concen- 
trations in children as we now observe them are in the neighborhood 
of perhaps 3 percent of the more recent recommendations of the ICRP 
for the general population. Regarding the question of whether we are 
talking about averages or individuals, we find that if we look at indi- 
vidual specimens, they vary on the average by a factor of the order of 
two or three. So certainly there is one quite reliable answer, reliable 
to a greater extent than any answer that 1s based on a number of theo- 
retical considerations to the question of whether or not the concentra- 
tions which we now have in the food supply are producing excessive 


doses to people. That answer is what we are actually seeing in the 
people. 
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Representative Honirietp. Is there any comment on Dr. Western’s 
statement? Dr. Schubert ? 

Dr. Scuusert. I am grateful to Dr. Western for putting so cogently 
some comments which I would like to read as part of a statement I 
had prepared in which I dealt exclusively with the problem of chil- 
dren in regard to general population exposure. I will skip parts of 
my statement because some of the points have already been made quite 
well this morning. Part of my statement is based on the contents 
of two articles attached to my statement, one on global radiation 
limits, which appeared in January 1958, and the other on fetal irradia- 
tion in relation to cancer deaths from fallout. The latter article will 
appear next month in the Bulletin of the Atomic Scientists. 

I would like to emphasize that we are dealing with a new problem 
in the setting of permissible limits for large populations. This prob- 
lem began in 1954. Until that time this was not a problem since 
we were only dealing with small numbers of people in occupations. 
The setting of a maximum permissible level must be based on that part 
of the population which is most likely to suffer from a given injury. 

Insofar as cancer produced by radiation is concerned, the most. sus- 
ceptible segment of our population appears to be the unborn child. 
The MPL for large populations cannot be based wholely on average 
values of radiation exposure of the entire population, but attention 
should be given to that fraction of the most sensitive population whose 
radiation exposure exceeds the average values by two, fines and more 


as long as those who exceed the average constitute large numbers. In 
other words, if one person in a billion has more than the permissible 
limit, we cannot recommend permissible levels just for that one person. 


But if 10 percent of the population exceeds this limit, then this popula- 
tion is the limiting factor. 

In terms of strontium 90, we have the problem that one can make a 
fair estimate of how many children—and I am concentrating on chil- 
dren since adults are, practically, not very important in the strontium 
90 problem for populations—when you look at the values of strontium 
90 m children, and utilizing the lognormal distribution as it is called, 
estimate quite closely from existing data how many children will have 
two times, three times and four times the average exposure. This was 
pointed out in a very nice article by a Norwegian scientist, E. Dahl, in 
1957, and I have an English translation of his article which I would 
like to insert into the record. 

Representative Horirretp. Without objection, that may be done. 

(The article referred to appears on p. 1706.) 

Dr. Scuusert. According to this function, which I may add has 
nothing to do with whether we know anything about the mechanism 
of how strontium 90 gets into the bone, we have a way of estimating 
how many peonle exceed the average. If this function fits, then it 
vorks. According to the normal distribution which has been used 
hitherto, the number of children who would have twice the average 
exposure would be 1 in 700, and those who would have three times, 
would be 1 in 20 million. The lognormal prediction, using Dahl’s 
figures, show that instead of 1 in 700 exceeding twice, we would have 
5 percent—5 children out of 100—having twice the average value. 

The number of children having three times the average value would 
be 0.4 of a percent or roughly 1 in 200, rather than 1 in 20 million. 
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This means that the limiting factor on which to base the permissible 
levels, when we are given average values of strontium 90 in children, 
is the fact that a good fraction of these children have three times the 
average. So if we take the rough value of 10 strontium units as the 
average value children will receive by 1967, according to Dr, Lang- 
ham’s figures, then we have to take into account that a good proportion 
of the children will have 30 strontium units, which is roughly half the 
present permissible level and some children, will have, according to the 
lognormal, 0.05 percent, or four times, the average, or 40 strontium 
units. ; 

Representative Hoxirretp. They would have four times what? 

Dr. Scuusert. Of the average value. 

Representative Hortrirevp. But it will still be less than the permis- 
sible. pi: 

Dr. Scuusert. It depends upon how you define permissible. _ 

Representative Hoxtrievp. If it is given as 66, which I believe is 
the figure, you are talking now about an occasional child having four 
units. 

Dr. Scnvupert. Not an occasional. I would say 1 child in 2,000 
would have 40 according to this distribution. aye ath 

It is possible to make an estimate, and I want to emphasize it is an 
estimate, of the cancer producing effects of fallout on children. This 
is based on the studies of Dr. Stewart and Mr. Hewitt, her statistician 
in England. In these studies roughly 2 roentgens total body dose in 
the fetus in the last 3 months of pregnancy resulted in a doubling of 
the amount of cancer that these children got before the age of 10. 
From these studies I have estimated that 20 milliroentgens of fallout 
radiation, which is roughly the present total dosage the fetus receives 
during the 9 months gestation period, will produce a 1 percent in- 
crease in numbers of children below the age of 10 who die from cancer 
each year. It is interesting that 2 roentgens would produce a doubling 
dose, for this reason: Before 1950 it was universally assumed that it 
took roughly 2,000 roentgens to produce cancer in humans. These 
data were based mainly on adults. Then in 1950 it was found that as 
little as 200 roentgens produced cancer in children who were irradi- 
ated in the neck region. Now, 7 years later, we find that two roentgens 
had produced cancer in children, admittedly on the fetus, which is the 
most sensitive age. 

Representative Hotirreip. Of course, you are comparing three dif- 
ferent things there. You are comparing different levels to adults 
and certainly very much smaller levels to the fetus. 

Dr. Scuusert. Yes; that is exactly the point that I am making. 
The fetus, being the most sensitive to radiation, is the basis upon 
which the permissible levels for large populations must be based. At 
the present time the fetus is getting radiation from strontium 90 and 
other internal emitters and radiation that the mother receives just 
from walking on the sidewalk and on the soil from the fission products 
that are deposited on the ground. 

In my technical paper that I have attached to my statement I have 
tabulated the sources from where the radiation from fallout comes. 
While the estimate given is subject to a wide uncertainty, the im- 
portant point is that it now appears that radiation doses so low as to 
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approach the radiation levels in fallout and natural background may 
cause a significant increase in childhood cancer deaths. 

As the amount of fallout increases, it is prudent to assume as Dr. 
Crow did, that the increase in childhood cancer deaths will increase 
proportionately. So that if the fallout dosage becomes 40 mr, we 
would have 2-percent increase in childhood cancer deaths, whereas 
the adults may not be affected to the same degree. 

Another point I would like to mention is that it is sometimes not 
appreciated that the permissible level cited for a given radioactive 
isotope assumes that no other radiation exposure occurs except that 
from the specific isotope and the natural background. Thus, when 
the maximum permissible level of strontium 90 is stated to be 67 
strontium units for the whole population, it must. be kept in mind that 
it is impossible to receive radiation from strontium 90 alone. Since 
the maximum permissible levels are not additive, it is necessary to 
consider what I call a practical permissible limit which includes a 
rough approximation of the radiation received from all sources. The 
practical limit for strontium 90 for the entire population would be 34 
strontium units, one-half of 67, half the present limit, since any per- 
son who receives 34 strontium units actually receives radiation from 
other fallout sources equivalent to roughly an additional 34 strontium 
units of radiation. 

It appears reasonable that the maximum permissible level for large 
populations be related to the natural background radioactivity rather 
than to occupational. This is a point which I made in my January 
1958 paper in which R. E. Lapp and I suggested that the maximum 
permissible level for large populations be set as some multiple of 
what we call] a fixed natural background. This means that instead 
of having a baseline which varies from country to country as the 
occupational permissible limit, we would have a baseline which would 
be fixed for all time and in all countries would be identical and 
unvariant. 

My final point is that in order to achieve the best possible estimates 
of the maximum permissible limit a new committee of scientists rep- 
resenting all the pertinent fields of science, such as genetics, biosta- 
tistics, medical science, physics, and so forth, should be created and 
the membership be chosen by some procedure recommended by an 
organization such as the National Academy of Sciences. I am pleased 
that Dr. Failla has made substantially the same recommendation in 
his printed statement. It is important such a committee, which must 
now deal with an entirely new problem, the radiation effects on the 
whole population, not be dominated by just a few fields of specialty. 
The National Committee on Radiation Protection has dealt many 
years with the problems of permissible levels before any of us, in- 
cluding myself, had ever considered that such a problem existed. 
However, in the past 5 years because of the newness of the problem 
that I just mentioned, it seems to me that the NCRP does not meet 
the scientific requirements which I have just stated, and its basis for 
selecting committee members is inappropriate to this new problem. 
Thank you. 

Representative Houtrretp. Dr. Schubert, you have certainly given 
us some meat to chew on. I see several hands up. We will start with 
you, Mr. Taylor. 
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Mr. Tayvor. I am interested in what Dr. Schubert has just said, 
because the committee on whose work Dr. Crow reported this after- 
noon meets every requirement that was just ieetenael by Dr. Schubert. 
This ad hoc committee was established last fall for the specific pur- 
pose of looking at population-exposure question, particularly from the 
somatic point of view. It does include all of the disciplines that were 
mentioned by Dr. Schubert and other disciplines. This committee 
has just completed its consideration of its report. In fact, I just 
received it this morning as I was starting down here. However, this 
will not be released until it has been subjected to review and approval 
by the NCRP asa whole. 

I can’t for a moment buy Dr. Schubert’s suggestion that during 
the past 5 years the NCRP has lacked adequate disciplines among its 
membership. Its total membership is some 150 people. It includes 
geneticists, biologists, physicists, biophysicists, every discipline I can 
think of, including people with public health experience, atomic 
energy experience, and everything else. So I am quite willing to 
stand as far as I am personally concerned on the makeup and composi- 
tion of that committee. 

Dr. Scuupert. May I make a comment, sir? 

Representative Hoiirietp. Let us have some more comment from 
Mr. Taylor. 

Mr. Taytor. I had some other remarks I wanted to make. If Dr. 
Schubert wants to remark on this point, this is all right with me. 

Representative Houirietp. Finish your remarks. 

Mr. Taytor. My other remarks had not to do with the question Dr. 
Schubert just raised. 

Representative Horirretp. Go ahead. 

Mr. Taytor. The other remarks have to do with the concern over 
some misunderstandings that appear to have developed partly as : 
result of these hearings and partly as a result of the hearings that 
were held a month or so ago, in which it has been implied that there 
are important disagreements between the recommendations and the 
work of the NCRP and ICRP. Some of the reports on these dis- 
agreements I think have been rather damaging. 

I would like to make the categorical statement, although it has 
been brought out by many witnesses that I have heard during these 
hearings, that these disagreements do not in fact exist. It is a fact 
that, between these two groups working closely together, so far every 
anticipated need in the field of radiation protection has been met. 
These recommendations and developments by the committees have 
been made available to the public before the situation demanding them 
has even arisen. There has been an implication that this has not 
been the case. 

In connection with the ICRP report upon which Dr. Failla re- 
ported, it has been implied that these population levels that were 
mentioned—these low population levels—were opposed by the repre- 
sentatives on the ICRP from this country. As a matter of fact, they 
were put forward by one of the U.S. representatives, principally Dr. 
Failla himself. They were supported by other representatives from 
this country. 

_ There was also the implication that because the NCRP was mak- 
ing its own study of the population question, that it was in some way 
responsible for withholding the ICRP report from distribution in 









re- 
re 
re- 
ey 
yr. 
ym 


k- 
ay 
in 


FALLOUT FROM NUCLEAR WEAPONS TESTS 1609 


this country. This is absolutely not the case. The only thing that 
withheld it is the slowness of sea transportation. As soon as it was 
published it was shipped by sea to this country and eventually ar- 
rived, 

It was also implied that the NCRP opinions on this question were 
influenced by the possibility of adversely affecting our weapons test- 
ing position in this country. The NCRP and ICRP, as Dr. Failla 
explained, have never at any time considered those aspects of the 
radiation problem as such. They have never at any time considered 
problems of national security or individual security. The question 
of disagreement arises sometimes because these bodies necessarily 
work out of phase. One is an international body that meets once or 
maybe twice a year, either in part or in whole, as the ICRP. The 
NCRP in its various groups average 20 to 25 meetings a year. They 
are working at different rates. They are working on different prob- 
lems. They are bound to be out of phase. 

I outlined this in a letter to you a few days ago and with your per- 
mission I would like to include that material in the record of these 
hearings. 

Representative Houirrevp. It will be included. 

(The letter referred to appears in vol, 3, app. E, together with ex- 
tracts from ICRP recommendations. ) 

Mr. Taytor. Also, because they bear on this general question, I 
would like to submit at a later time—I don’t have them with me to- 
day—three other items. One is a copy of a lecture on this general 
subject, which I will give tomorrow night. (See p. 1737.) 

Another is the news release that we put out at the time we com- 
pleted our consideration of the NCRP and also ICRP versions of 
the new permissible dose standards. This is the report by Dr. Mor- 
gan’s committee. (See vol. 3, app. K.) And if and when it is ap- 
proved by the whole committee I would like to submit a copy of 
the report of the NCRP ad hoc committee which has been mentioned 
today. 

Representative Houirtecp. It will be received. 

(The report referred to had not been approved at the time of 
publication. ) 

Dr. Powreit. As a member of both the executive committee on the 
National Committee on Radiation Protection, and a member of the 
ad hoe committee which has been referred to, I would like to support 
Dr. Taylor in his statements. I think that much of the apparent mis- 
understanding as to relationships or disagreements between ICRP 
and NCRP has come about because of an unfortunate tendency to 
place too much significance on the exact number proposed. After 
all, these are judgmental decisions made within certain fairly broad 
limits. I think it is inevitable that there will be some minor differ- 
ences in what different groups will decide. But these are minor and 
don’t strike at the heart of the problem nor affect in my estimation 
the real significance. 

It is important to emphasize this because I think the possibility is 
real that from time to time we will see individual samples of milk, 
food, or other environmental sources which carry contamination 
levels above the lifetime recommended maximum permissible levels. 
Perhaps, if weapons testing continues, we may even see an increase to 
2 point where certain average levels in milk and food approximate the 
maximum permissible levels. 
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I would like to emphasize, for myself at least, that I don’t feel it is 
possible for us to set our maximum permissible levels on the basis of 
circumstances or the need for weapons testing. I think we as scien- 
tists must make our recommendations. To use Dr. Dunham’s excel- 
lent analogy of the automobile accident situation and its relationship 
to setting speed limits, one doesn’t set a 50-mile-an-hour speed limit 
and then refuse to allow a policeman to chase a bank bandit at 60 
miles an hour. Nor do you move the speed limit up because that 
situation arises occasionally. I think that the scientist has a respon- 
sibility to make recommendations concerning desirable maximum per- 
missible levels, not directly related to the weapons testing problem. 

Dr. Crow. I have a couple of comments. There are a few points 
in this committee report that I did not refer to for brevity of time but 
since Dr. Schubert has brought them up, I would like to mention them, 
because they are in complete agreement with his suggestion. 

We, too, suggest an arbitrary definition of the background agreed 
upon. We suggested a tenth of an r per year with some multiple of 
this be used as the maximum permissible level. We have also sug- 
gested in this committee report that the permissible level be based on 
the most sensitive of the population rather than the total population 
iself. If there is a particular age group, e.g., infants or children, that 
are more sensitive, then that should be used as the basis. 

I should also like to clarify that in this particular instance there is 
no ambiguity as to whether this is an average figure or an individual 
figure. Acting on the assumption that any maximum permissible 
dose for an individual person or for an organ cannot be determined 
directly by measurements of that individual but only indirectly by 
measurements of the environment, all one can do, until it is possible 
to make individual human measurements, is to set the environmental 
level in such a way that the average human being in that environment 
would not be expected to exceed the permissible level. 

Furthermore, I think any recommendation should include the pos- 
sibility of averaging dosages over a fairly long period of time so that 
a small episode that is soon to be over is not taken out of proportion 
to its importance. 

Representative Hoxtrieitp. Thank you. Dr. Failla. 

Dr. Fama. Mr. Chairman, I would like to point out that the 
National Committee on Radiation Protection and the International 
Commission have not neglected the background as a basis for setting 
up permissible limits, because these factors of 30 or 10 or whatnot 
have been applied in order to bring the level down to something 
like background radiation. So while they have not been mentioned, 
actually the limits have been set on the basis of something com- 
parable to background radiation. 

Representative Hoxirretp. If we can be pardoned for bragging 
a little bit, our analysis that was put out in June 1957 had this in it: 
“The reason natural background radiation levels are important is 
that. they are used as a yardstick in evaluating the biological effects 
of radiation. Thus the National Academy of Sciences’ summary 
report on the biological effects of atomic radiation and the report of 
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the Committee on Genetie Effects illustrates the use of natural back- 
ground levels as a basis for estimating genetic doubling doses.” 

So we were on top of this subject 2 years ago. 

Dr. Morgan. 

Dr. Morean. I would just like to underscore what Dr. Taylor has 
said. First of all, as a member of the International Commission 
and the National Committee, both of these groups are made up of 
scientists that speak as individuals and not as representatives of 
countries or any companies, and the only disagreement is among 
individuals trying to arrive at decisions. As for one group disagree- 
ing with another, I have never experienced that. 

With reference to the way we arrived at this figure of 100, I would 
like to correct the record on that, and support what Dr. Failla said. 
I think as chairman of the Subcommittee on Internal Dose I was 
the first to actually use this in the printed reports. The way we 
arrived at it was this. The International Commission, as Dr. Failla 
has said, chose this figure of 5 rems in 30 years, which was essen- 
tially background radiation. They took one third of that for internal 
dose, 1.5 rems. They had also taken 5 rems per year as the permis- 
sible occupational level. If you multiply this 5 rems per year times 
30, the only way to get this figure down to 1.5 rems, ahiad is a third 


of background, is to divide it by a hundred. This figure of 100 or 
1 percent did refer to background. That is the way it was gotten. 

I would like also to submit my written testimony for the record, 
if I may. 


Temereenentine Houtrievp. It will be accepted. 
(T 


e statement referred to appears on p. —.) 

Representative Hotirietp. Dr. Schubert, we have a few minutes for 
you to have a rebuttal. 

Dr. Scuvusert. The only thing I have to rebut is that the NCRP is 
a parent organization, and I think Dr. Taylor is referring to the num- 
erous and generally well qualified subcommittees. I don’t want to 
leave the impression that the individuals comprising the NCRP are 
not of the highest caliber. It is merely that a committee made up of 
all geneticists would be no more qualified than a committee made u 
of chemists or physicists. You have to have a wide variety. I thin 
the parent organization should be the one that has the widest variety 
of disciplines represented since the subcommittees have to concentrate 
their scientific specialties on few fields. 

Representative Hoxirievp. Is it your position that the committee is 
not widely represented by all disciplines? 

Dr. Scuusert. No, I pointed this out in 1957. At that time it was 
made up of 38 members. It is now made up of 41 members. At that 
time half the membership of the 38 roughly were in the medical field, 
mainly radiologists, and the other half physicists. Despite the un- 
qualified competency of every individual on this committee, you simply 
cannot have a committee which represents only a few fields and not 
the wide variety of fields. 

Representative Hotirtetp. What fields would you advise should be 
added ? 
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Dr. Scuupert. One of the most important fields is statistics. An 
appreciation of statistics is what we are dealing with in the problem 
of evaluating radiation of large populations. We need people who 
are specialists on the metabolism of radioactive elements. We need 
health physicists. We need geneticists. We need people who are 
expert in physiology, particularly as pertaining to excretion of radio- 
active elements. W e need radiologists. In other words, a wide 
variety of disciplines is the point I ‘want to make there. 

Representative HouirieLp. As I am not aware of the spread of pro- 
fessions in the committee, I will ask Mr. Taylor what is the spread. 

Mr. Taytor. The spread includes all of these people with the pos- 
sible exception of a statistician. I am not sure that there is anybody 
who is a direct statistician. 

Dr. Morgan. Snyder. 

Mr. Taytor. Iam sorry. Dr. Snyder would certainly be regarded 
as an extremely competent statistician. 

Representative Hoxtrerp. I hope your organization will take these 
suggestions in mind, and if you fee] you need a satistician that you 
don’t have, obtain one, because we want a widespread representation. 

Mr. Taytor. I forgot Dr. Snyder. I don’t think we could get 
anybody that is any better. 

Representative Hotirievp. Is hea statistician ? 

Mr. Taytor. Yes. 

Representative Honirietp. Is Dr. Morgan a health physicist ? 

Mr. Taytor. He certainly is. He was the first president of the 
Health Physics Society. In this committee, sir, we have the main 
committee of 41 people. These serve a double purpose. One, they 
tie to particular organizations having competence and interest in the 
field. The members are approved by the already existing members 
in order to meet needed qualifications on that committee. The execu- 
tive committee of 10 people is chosen to represent what we consider the 
10 most important disciplines. The subcommittees, numbering a 
total of something over a hundred people, are chosen as specialists in 
whatever particular area of work the subcommittee deals with. Any 
study or report gets reviewed all the way through those three channels 
before being released. 

Dr. Scuvsert. Mr. Chairman, I did not mean to imply that the 
NCRP has no representation from other disciplines. What I am say- 
ing is that they are overloaded with a couple of fields and have scat- 
tered representation from others. In the aggregate you might say 
they represent five or six disciplines. Mr. Taylor mentioned organi- 
zations represented. For example, there are I believe four radio- 
logic organizations, each one having two members. I don’t know 
how many genetic organizations there are in this country but I doubt 
if each one has a representative on the NCRP. So my point is simply 
that the NCRP should have wide representation with only a few mem- 
bers from each specialty, rather than 30 from one or two specialties, 
and eight scattered from others. 

Representative Houtrrevp. I think your position has been well pre- 
sented for the record, Doctor. We will let it stand. 
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We are just about to adjourn, but I must ask one question. Is there 
a U.S. program to verify the results of the British study on prenatal 
X-rays in childhood malignancy such as Dr. Stewart is doing in Eng- 
land¢ Is there any such U.S. study going on? 

Dr. Powrett. As far as I know, there is no single comprehensive 
study on the scale of Dr. Stewart’s being done in this country today. 
I might say that part of this comes about because of the organization 
of the practice of medicine in this country, as distinguished from 
Great Britain. I know of at least three or four independent studies 
on a smaller scale. The total accumulation of data may well ap- 
proximate that of Dr. Stewart. 

Dr. Scuusert. There are two studies which are beginning to ap- 
roach the scale of Dr. Stewart in this country. One is a study in 
uisiana in connection with Tulane University on the same type of 

study Dr.-Stewart made, except that in this case the questioning is 
done by professional sources so there is no chance of bias. 

Then another study partially published by Miriam Manning of the 
Children’s Cancer Research Association, and I will give the references 
for the record. This study, which is still continuing, is also on the 
same lines as the Stewart data. Both of these studies thus far have 
confirmed Stewart’s findings. These are the only two studies that I 
know of of a scale which approach Stewart. Insofar as they have 
gone, they have confirmed wha Stewart found. 


Dr. Powe.u. I know of at least one other which is on a rather large 
scale, and that is Dr. Henry Kaplan’s. I have reason to believe there 
may also be two or three others. 

Dr. Scuupert. Yes. There are several that are going on. There 


are a few mentioned in the statements today. 

Representative Hotirietp. I wish we had more time, but we have 
to give up the room. We will call a halt to this roundtable discussion 
and the other one that we had planned for this afternoon we will have 
to take up in the morning. Dr. Neuman will be the first witness and 
then we will have a roundtable after that. Thank you very much, 
gentlemen, for your presentations on the panel. 

I have several interesting papers and statements submitted by mem- 
bers of our panel, and will place them in the record at this point. 

(The material referred to follows:) 
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MAXIMUM PERMISSIBLE EXPOSURE OF THE POPULATION-AT-LARGE 
TO SOURCES OF IONIZING RADIATION* 


By 


Karl Z. Morgan 
Director of Health Physics Division 
Oak Ridge National Laboratory* 
Oak Ridge, Tennessee 


It is not possible at the present time to state with absolute certainty 
that human exposure to ionizing radiation is harmful at very low dose rates 
that are of the order of natural background. There is always a probable 
error associated with a biological or physical measurement and at very low 
dose rates, i.e., background levels, it requires observations on an extremely 
large number of animals (or men) in order that the probable errors become less 
than the magnitude of the effects under observation or in this case to prové 
that there is any danger or in fact any detectable effect of exposure at the 
background level. Man has been subjected to this low exposure since the 
beginning of his existence and although background radiation probably has 
not been beneficial, certainly man has managed to evolve to his present state 
of development in spite of it. In order to determine with certainty the 
influence on man of exposures at the level of natural background radiation, 
observations will have to be made on many men that have been exposed at two 
or more levels, e.g., background and twice background, over many generations. 
Contrary to suggestions of a number of scientists and others the required 
information cannot be obtained satisfactorily by observing the biological 
effects of cosmic ray exposures at two or more elevations, e.g., Washington, 


D. C. and Denver, Colorado, because in this case there would be far too many 


*Operated by Union Carbide Corporation for the U. S. Atomic Energy Commission. 
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uncontrolled variables; some of which would effect the well-being of man 

much more than his exposure to background radiation. In the first place, 
cosmic ray dose (about 0.07 mrad per day) comprises only about 20% of natural 
packground exposure (0.36 mrad per day) to the average man and the total back- 
ground dose would increase only a little more than 10% in going from sea level 
to 5,000 feet. In the second place, in going from one elevation to another 
there are many human and physical factors that cannot be taken into account 
adequately, e.g., change in effective lung volume, increase in solar intensity, 
changes in cosmic ray spectra, etc. In the third place about 1/3 of the total 
average background dose to man is the result of radiation (0.13 mrad per day) 


from the uranium, thorium, and actinium series of elements normally found in 


man's environment and many studies~ have indicated that this component of 


the dose commonly may vary by a factor of 5 or more due to the building 
materials, e.g., granite, shale and concrete blocks, etc., of which our homes 
are constructed. In any case promising and worthwhile population studies that 


may be conducted for the purpose of determining the effect on man of doses of 


l. Gabrysh, A. F. and F. J. Davis, “Radon Released from Concrete in Radiant 
Heating", NUCLEONICS, Vol. 13, No. 1, p. 50 (January 1955). 


Gabrysh, A. F. and F. J. Davis, “Radiation Exposure from Radiant Heating,” 
CIVIL ENGINEERING, Vol. 89, p. 839 (December 1954). 


Hultqvist, Bengt, "Studies on Naturally Occurring Ionizing Radiations," 
Published by Almqvist and Wiksells Boktryckeri AB, Stockholm, Sweden (1956). 


Lowder, W. M. and L. R. Solon, “Background Radiation," A Literature Search, 
Health and Safety Laboratory-Radiation Branch, NYO-4712 (July 1956). 


Solon, L. R., W.M.Lowder, A.V.Zila, H. D. LeVine, H. Blatz, and M. Eisenbud 


"External Environmental Radiation Measurements in the United states,” HASL-25 
(March 11, 1958). 


Effect of Radiation on Human Heredity, World Health Organization, Geneva, 
Switzerland (1957). 
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ionizing radiation of the order of natural background will require careful 
investigations of several large and comparable populations that have remained 
relatively fixed in single localities for generations. Although the prospects 
of obtaining the desired information by studying the effect of cosmic radiation 
on man seems difficult, if not impossible, there is fortunately some hope of 
obtaining useful information from a study of relatively closed populations such 
as those in the Travancore, India region, where in monazite sand areas, the 
background radiation may be as much as ten times that in other very similar 
areas that could serve as controls. We should like to encourage and help 
with such studies in every way possible because they seem to offer considerable 
promise of furnishing a firmer basis than is now available for establishing 
reliable maximum permissible exposure levels for the population-at-large. 
Studies on animals and observations on man have indicated that there are 
two types of radiation damage -- one requiring threshold or minimum dose before 
radiation damage results, and the other increasing linearly with the dose” 
(Figure 1). Typical of the first type of damage is radiation sickness which 
probably does not occur or is not perceptible et doses less than 20 roentgens 
and subtntstion fatalities which are extremely unlikely at doses less than 200 
roentgens. Until recently genetic damage has been considered to vary linearly 
with dose and likewise many observations at high dose rates have suggested 
that leukemic incidence may increase in direct proportion to the accumlated 
dose. Recent experiments of W. L. Russell et a> have indicated that the 


number of genetic mutations in mice is not independent of the dose rate. 


2. Morgan, K. Z.: "Health Physics", Chapter 7-2, pages 7-22 to 7-59, 


Nuclear Engineering Handbook, edited by Harold Etherington. Published 
by McGraw-Hill Book Company (1958). 


3. Russell, W. L., Liane Brauch Russell and Elizabeth M. Kelly: "Radiation 
Dose Rate and Mutation Frequency”, Science, Vol. 128, No. 3338, pages 
1546-1550, December 19, 1958. —we oe 
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Although it is probable that neither genetic mutations nor leukemic incidence 
has a true radiation threshold, it appears likely that the slope of the curves 
expressing the increase in leukemic incidence as well as the increase in 
genetic mutations per millirad of accumulated dose may be smaller at low dose 
rates than at the relatively high dose rates where convincing experiments can 
and have been conducted with a reasonably large number of animals. 

For the present time levels of maximum permissible exposure of the 
population-at-large to ionizing radiation must be based on estimations involvin 
extrapolations over two to three orders of magnitude below the experimental 
data that can be considered to be statistically significant. For the present 
it is safe only to assume that types of radiation damage, such as genetic mutatic 
leukemic incidence, and shortenings of life span, increase to some extent with 
any increase in dose taking place at any dose rate following any accumulated 
dose, viz. there is no threshold. However, it certainly would be ultra con- 
servative -- and at least, with respect to genetic mutation, it would be 
incorrect -- to assume a linear relationship between dose and effect all the 
way from high chronic dose rates of 400 rad per 30 years* to background dose 
rates of about 4 rad per 30 years. 


The recommended values of maximum permissible exposure to ionizing radiati 


are made on an international level by the International Commission on Radiologic 


Protection, ICRP, and are made on a national level in the United States by the 





*The thirty year interval is a convenient period for considering genetic damage 
to man because the average fathers and mothers have begotten half their 
children by this age. 
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National Committee on Radiation Protection, NCRP. These two organizations 


have worked closely together for many years in establishing safe working 


levels and both organizations just recently have sent to press a number of 
publications that make recommendations for external and internal maximum 
permissible exposure to ionizing radiation.” The recomnendations of the ICRP 
and the CRP are very similar. They apply primarily to occupational exposure 
but with proper modifications may be extended to larger population groups. 
For example both the ICRP and the NCRP recommend that exposures to persons 

* 
living in the neighborhood of a controlled area should be limited to 1/10 
of the occupational exposure values for continuous exnosure. This raises 
immediately the question of the size of the population “living in the neighbor- 
hood". The NCRP has not answered this question other than to indicate that it 
is to be a small fraction of the population-at-large. The ICRP has applied the 
factor of 1/10 to the special groups (including primarily those living in the 
neighborhood of the controlled areas) with the limitation that these groups are 
not to exceed 1/30 of the total population and the occupational exposure levels 
are limited to a population that is not to be more than 1/150 of the total 
population. The Medical Research Council of Great Britain has recommended that 
the factor of 1/10 may be applied to a neighboring population provided it 
does not exceed 1/5 of the total population of Great Britain and the maximum 
permissible occupation exposure levels may be applied to 1/50 of the total 
population of Great Britain.© If the ICRP criterion 
4. Taylor, L. S., "History of the International Commission on Radiological 
Protection (ICRP)} HEALTH PIIYSICS, Vol. 1, No. 2, p.97-104 (September 1958). 
Taylor, L. S., “Brief llistory of the National Committee on Radiation Protection 
and Measurements, (NCRP) covering the period of 1929-1946," HEALTH PHYSICS; 
Vol. 1, No. 1, p. 3-10 (June 1958). 

Recommendations of the International Commission on Radiological Protection, 
Committee II Report on Internal Dose, Pergamon Press, Inc., London, England (1959). 
Report of Committee II of the National Committee on Radiation Protection, 
"Maximum Permissible Amounts of Radioisotopes in the Iluman Body and Maximum 


Permissible Concentrations in Air and Water," National Bureau of Standards 
Handbook 69. Available from the Superintendent of Documents, Washington 25, 
D. C. (1959). 

6. “The Hazards to Man of Nuclear and Allied Radiation," Report of Medical Research 
Council. Published by Her Majesty's Stationery Office, London (1956). 


* * area" is defined as a in which radiation exposure is under 
5 oe id ‘and gud ce of a flealth ie feist. - 
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were applied in the U. S., the number of radiation workers who would be 
permitted to receive the full maximum permissible occupational dose would be 
limited to about 1,200,000 people while those "in the neighborhood" of these 
operations who were permitted to receive 10% of the maximum permissible 
occupational dose would be about 6,000,000 people. At the present rate of 
expansion of the nuclear energy industry it will be many years before either 
of these conditions could impose serious boundary limitations. It is evident 
that nuclear energy plants must not be operated near our large cities, e.g., 
New York, Chicago, and Los Angeles, in such a way that these large populations 
would be considered to be "living in the neighborhood" of a controlled area and 
allowed to receive 1/10 of the maximum permissible occupational exposure values. 
However, it may be permissible to operate nuclear energy plants in or near such 
large cities provided these populations are limited to exposures specified for 


the population-at-large. 


The ICRP as well as the National Academy of Science (nas)? have recommended 


that the maximm genetic exposures to the population-at-large from man-made 
sources of ionizing radiation should be of the order of natural background. 

The NAS specified that the average exposure of the population's reproductive 
cells from radiation above natural background should be limited to 10 roentgens 
(or rem) from conception to age 30. The NCRP has not as yet set a specific 
figure for the exposure of the population-at-large, but has a special committee 
working on this problem and in the near future it probably will recommend a 
value that is not far different from "the order of natural background.” The 
ICRP has suggested that for planning purposes the genetic dose to the population- 
at-large from all man-made sources of ionizing radiation other than medical 


7. “The Biological Effects of Atomic Radiation", National Academy of Sciences, 
National Research Council, Washington, D. C. (1956). 
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sources should be set at 5 rem to the age of 30. This is equivalent to the 10 
rem specified by the NAS if we assume: the average medical exposure 
to age 30 to be 4.5 rem. To serve further as a guide the ICRP has apportioned 
this 5 rem as indicated in Table I. 

The question is often asked, "Why do the ICRP and the NCRP permit much 
larger exposures to the occupational workers than to persons living in the 
neighborhood of the controlled areas or to the population-at-large?" There 
are many reasons for this. First of all the occupational workers in the nuclear 
energy industry are a select group of adults who receive routine medical examina- 
tions and are under the constant surveillance of health physicists. In spite 
of the fact that the nuclear energy industry is one of the safest of American 
industries, as indicated by Table II, the occupational workers recognize that there is 
some radiation exposure and they accept it as a part of the risk of employment 
just the same as is done with other hazards by the workers employed in all other 
industries. Persons living outside the controlled area, on the other hand, include 
children and pregnant women who probably have no knowledge of the radiation 
risks and may have no choice other than to live in their homes that are in the 
neighborhood of the controlled area. Unlike the occupational workers who work 
40 hours per week and may move on to other types of work after a few years, some 
of the neighboring population may be exposed 168 hours a week and live close 
by for many years. Perhaps the principal reason for reducing the maximm 
permissible dose to persons living outside the controlled area is that a 
person engaged in any occupation must insofar as possible confine the hazards 
of his occupation to his own working group. Each industry has its own unique 
types of hazards. The construction worker, the lumberman, the miner or even 


the housewife has a particular brand of occupational hazard. As chews” by 


8. Morgan, K. Z. “Current Status of the Internal Dose Problem", Health Physics, 
Vol. 1, No. 2, p. 125-134, September 1958. 
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Table I 


MAXIMUM PERMISSIBLE GENETIC DOSE TO THE POPULATION-AT-LARGE 
SUGGESTED BY THE ICRP TO SERVE AS A GUIDE 


(RBE Dose in Rem to Age 30) 


1.5 Internal 
( 4.5 Medical)” 2.0 ----2 0.5 External 
2.0 General to population-at-large 
5.0 Other - - - - 
1.0 Occupational 
(4.5 Background )” 0.5 Special groups 
1.5 Reserve (TV, watches, etc.) 


14 Total 5.0 Total 3.0 


*The medical and background values are probable average values in the U. S. and 
are not values specifically recommended by the ICRP. 


Table II 
te Infustry 
Hanford* | Oak Rid National Lab. Industry 


Accident Accident Accident 
Av. Annual | Frequency + Annual ee Frequency 
Year Exposure (r Rate Exposure (r Rate 
1944 


Frequency is the number of injuries per million hours worked. 


*Parker, H. M., "Radiation Exposure Experience in a Major Atomic Energy Facility’, 
Peaceful Uses of Atomic Energy, Vol. 13, page 266, United Nations, N.Y., 1956. 
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Figure 2, our chances of survival as members of the population-at-large 
would be extremely poor if each industry were permitted to impose a full 
measure of its hazards on the neighboring population. 

Close inspection of Table I indicates that the 5 rem allocated by the 
ICRP to man-made sources of ionizing radiation other than medical exposure is 
broken down into a number of components. Occupational workers (who of course 
are members of the population-at-large) are assigned 1.0 rem; special groups 
(i.e., persons living in the neighborhood of the controlled area, persons 
who visit inside the controlled area occasionally and persons that work in 
the vicinity of the controlled area) are assigned 0.5 rem and 1.5 rem is set 
aside as a reserve. The 2.0 rem general exposure to the population-at-large is 
the dose of particular interest for this discussion. Of this 2.0 rem, internal 
dose is assigned 1.5 rem and external dose is assigned 0.5 rem. A very small 
fraction of this 0.5 rem is used up already by exposures to shoe fitting machines, 
IV sets, radium dial watches, etc. This 2.0 rem comprises the dose received by 
the population-at-large over a 30 year period. It includes the dose received fron 
radioactive waste discharged from nuclear energy plants” such as those at Oak Ridge 
and Hanford and radioactive waste from hospitals and research laboratorics. 
allowance was made specirically for fallout from the tests of nuclear weapons, 
although this might logically be included as part of the 2.0 rem. ‘These radio- 
active materials are released originally in the air and in the water and some 
may become widely distributed in the air, soil, rivers, lakes, and oceans. 
Eventually some of the radionuclides become deposited in all the various forms 
of life, including man. Thus man is irradiated from without by man-made radio- 


active material in his environment and from within by man-made radioisotopes 


). Morgan, K. &., Swamary and Bvaluation of Environmental Factors that ihist De 
Considered in the Disposal of Radioactive Waste. Paper presented to the Joint 
Committee on Atomic Energy, Special Subcommittee on Radiation, Waste Disposal 
Hearings, Jan. 29-Feb. 4, 1959, Washington, D. C. 

Morgan, K. Z., “Waste Management Program at Oak Ridge National Laboratory”. 


Paper presented to the Joint Committee on Atomic Energy, Special Subcommittee 
on Radiation, Waste Disposal Hearings, Jan. 29-Feb. 4, 1959, Washington, D. C. 
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as they move through the passageways of the body (i.e., into the respiratory 
and gastrointestinal tracts) from which certain fractions are deposited and 
incorporated into the various organs of his body. It should be emphasized 

that the values suggested by the ICRP in Table I apply only to the average 

man and in no case are they to be interpreted as limiting the exposure of an 
individual or even a group of individuals in the population. ITikewise, it is 
permissible that there should be a considerable variation in the rate at which 
this dose is accumulated by the gonads of members of the population. Perhaps, 
less than 5% of this suggested 5 rem is being used by the average man of the 
population in 30 years at the present rate of exposure, but as the nuclear energy 


industry expands and if nuclear weapons tests are resumed we can expect a con- 


Jraonwy 
siderable increase in tlais-exposure. The detailed apportionment by the ICRP 


of this suggested 5 rem is of no significance, and in fact if one component can 
be reduced, others may be increased correspondingly. For example, during some 
periods and in certain areas of the earth the external environmental exposure 
may exceed the internal exposure or the average occupational exposure to the 
population-at-large may exceed 1 rem. This is quite acceptable provided the 
total average 30 year gonad dose from all man-made sources (including medical 
exposure) does not exceed 9.5 to 10 rem. Thus, if the average medical exposures 
are reduced presumably the other man-made exposures can be increased. 

The values of 4.5 rem to age 30 for the average medical exposure is larger 
in some countries and especially in the large cities but is much smaller in 
countries that are less advanced economically. There is no guestion but that 
many benefits are derived from the medical use of X and 7 radiation; on the 
other hand, there is no doubt that many medical exposures can be reduced with 
equally good or better medical results. Table III indicates average values 


of some of the common medical exposures many of which appear to be unnecessarily 
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TABLE III 
Common X- 


Chest X-Rays at Oak Ridge National Laboratory 20 mr‘°) 
using full size X-ray film in direct contact 
with intensifying screen 


Average chest X-ray exposure found from a 
survey in England 


Avérage chest X-ray of majority in United States 200 nr‘*) 

Chest X-ray taking photograph on fluorescent screen 100 to 1,000 nr4e) 
Dental X-rays 1.5 to 300 rie) 
Lower GI examination 27 yh) 

Upper GI examination 35 78) 

Fluoroscopic examinations 5 to 270 7 (Sef) 


Average routine X-ray examination h6r (2) 
during lst half of pregnancy* 


Average routine X-ray examinations 56 r(*) 
during 2nd half of pregnancy* 


Treatment of malignant tumors 3,000 to 7,000 r(e) 


Fluoroscopy in shoe-fitting (per 20 sec exposure) 7 to 14 r(e) 


(a) Laughlin, J. S. and I. Pullman, "Gonadal Dose Produced By the Medical Use of X-Rays,” 
Section III of Report, The Genetically Significant Radiation Dose Received oy the 
Population of the United tes. iminary on, published by Natio cademy 
of Rclancas - National Research Council, Washington, D. C. (1957). 


Nolan, W. E. and H. W. Patterson, “Radiation Hazards fram the Use of Dental X-ray 
Units." UCRL-1682, November 26, 1952; or Radiology;61, p.625-629, October, 1953. 


Memo to J.C. Hart from D. M. Davis and E. D. Gupton, "Radiation Dose in Diagnostic 
X-ray Procedures,"March 26, 1957. 


Stanford, R.W. and J. Vance *The Quantity of Radiation Received by the Reproductive 
Organs of Patients During Routine Diagnostic X-ray Examinations," British Journal of 
Radiology, Vol. 28, No. 329, p.266-273, May 1955. wl, DeseT we 


Moeller, Dade W., James G. Terrill and Samuel C. Ingraham, "Radiation Exposure in the 
United States," Public Health Reports, Vol. 68, No. 1,p,.57-59, January 1953. 


Bell, A. L., "X-ray Therapy in Fluoroscopy," Radiology, Vol. 40, p.139-L44, 
February 1943. 


(*) Precautions should be taken to reduce these exposures as they are sometimes excessive. 
See: Russell, Liane B., "The Effects of Radiation on Mammelian Prenatal Development,” 


Chapter 13, pp.661-918, Radiation Biol fVol. 1,'partjII. A. Hollaender, editor, 
Published by McGraw-Hill Book Campany, 5). 


(**) These doses are measured on the body surface of the incidence side. 
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high. When it is observed that the foetus (man in his most radiosensitive 
a very large exposure 
period of life) receives stumminck@iommmrrgemx from the average routine X-ray 


examinations, ve can't help but wonder why more effort is not made to improve 


the equipment and techniques in order to materially reduce this exposure. 
Perhaps we should ask the question of why there is so much concern about the 
few thousandths of a rem received each year from fallout material and so little 
effort is made to reduce this medical exposure to our unborn children? It is 
to the credit of many of the leading radiologists in the U. S. and to their 
organizations that such an effective effort has been applied to this problem 
during the past two to three years that very recent preliminary surveys indicate 
a@ marked reduction in same of the exposures listed in Table III. It is only to 
be hoped that all users of sources of ionizing radiation, e.g., dentists, 
general practitioners, chiropractors, etc., will reduce medical exposures -- 

the principal source of human exposure to ionizing radiation -- to the lowest 
possible values consistent with ggod medical practice and for the accrual of the 
most overall good to the patients and their children. Why is it that many chest 
X-ray machines deliver 1000 mr per chest X-ray when just as good and even better 
X-ray pictures can be obtained from exposures of 20 mr using the best equipment 
and improved techniques? Why is there no concern that several surveys in some 
of the cities of the U. S. have revealed that many dentists deliver up to 300 
roentgens to the jaw in a single series of dental X-rays and spray rather large 
doses to other parts of the body (including the eyes and gonads) when better 
X-ray pictures can be obtained with an exposure of 1.5 rem using properly 
adjusted equipment? As health physicists, I and my colleagues would like 


to keep all radiation exposures -- including those from fallout and radioactive 


*A private communication from G. Failla, Dept. of Radiology, Columbia University, New York, 

N. Y. May 12, 1959, states, “In the first trimester of pregnancy perhaps one case in 500 
would have an x-ray examination for possible genito-urinary disease. In the second trimester 
perhaps one in 200 would have an x-ray examination for genito-urinary to gastro-intestinal 
diagnosis. In the third trimester about 12% would have x-ray examinations for pelvimetry 

or compiications, and these examinations would be made during the last few days of pregnancy.” 
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waste disposal -- to an absolute minimum, consistent with the overall good 
of man but it is difficult sometimes for some of us to focus our attention 
completely on less than one percent of the radiation exposure problem while 
completely ignoring 99 percent of it. 

In order to apply the values given in Table I and specifically the value 
1.5 rem per 30 years of internal exposure to the internal dose problem result- 
ing from fallout, waste disposal, etc., the ICRP has suggested that the 
Maximum Permissible Concentration, MPC, values for continuous occupational 
exposure that are given in the ICRP and NORP Handbooks on Internal Dose” 
should be multiplied by 1/100 when the radionuclides deliver most of their 
dose to the gonads or localize in them, i.e., when the gonads are the critical 
organs. Since the MPC values for occupational exposure to the gonads are 
calculated on the basis of an average annual dose of 5 rem, it folldws that 
1/100 x 5 rem/yr x 30 yr = 1.5 rem, as was given in Table I. 

Many radionuclides, such as sr”? » do not deliver an appreciable portion 
of their dose to the gonads so they must be limited by other considerations. 
One of the most important radionuclides in nuclear weapons fallout material 
from the standpoint of gonad exposure is cs237 which concentrates in the soft 
tissue (including the gonads) of the body. Fortumately the biological half- 


life’ of cs!3’ is only 70 days compared to the biological half-life of 50 


90 


years for Sr° ; otherwise, fallout would present a much more serious genetic 


problem. The limiting values given in the new ICRP and NCRP Handbooks on Internal 


Dose? for csi37 and sr” and that are applicable to occupational exposure 


*The biological half-life is the time required for half of the material to be 
eliminated from the critical body organ by normal biological processes. 
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are given in Table IV. From the above discussion it can be seen that if 
csi3? were the only man-made radioactive material in the human environment 
that gives an appreciable dose to the gonads, the MPC for the average 
exposure of the population-at-large to cs!37 vould be 2 x 10° we/ee 
(2 +one thousand billion curies per ce or 0.00000000000002 grams per cc) 
of water or 2 x 10720 wc/ce (2 > tem million billion curies per cc or 
0.000000000000000002 grams per cc) of air. Of course there are some other 
radionuclides besides cet3? that are present in the fallout material that 
deliver dose to the gonads so the maximm permissible concentration of cst37 
suggested by the ICRP as a guide for exposure to the population-at-large 
is somewhat smaller (perhaps 50 percent smaller for the average age of the 
fallout material) than the above values. Also the values for MPC in water 
and MPC in air would be reduced by a factor of two if the gonad dose from 
inhaled cst? were the same as from ingested cat? -- actually the inhalation 


dose from cers? 


in fallout is probably less than 10 percent of that from 
ingestion of cst37, The values for water can be applied to food as well as 
water since a large fraction of food is water and the calculations were based 
on the total water consumption (food and drink) of man. In cases where organs 
other than the gonads receive the principal exposure, the ICRP has suggested 
that for planning purposes the MPC values for contimuous occupational exposure 
should be multiplied by 1/30 to obtain suitable values for the population-at- 


large. Thus the MPC values for the average exposure of the population-at- 


large to Gr? would be 32 1078 we/ce (0.0000000000000002 grams per cc) of 


water or 3 x 10"? ue/ee (0.00000000000000000002 grams per cc) of air. Again, 


other bone-seeking radionuclides besides sr” are contained in the fallout 


42165 O—5&—vol. 2——_44 
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TABLE IV 


VALUES FOR OCCUPATIONAL EXPOSURE 
AS GIVEN IN THE ICRP AND NCRP HANDBOOKS ON INTERNAL DOSE 


Maximum Permis- 
Radionuclide Critical sible Amount in| Maximm Permissible Concentration 
Organ Total Body c/cc for 168 hr/wk exposure 
Bone 107)° 
(insoluble) | Lung 2x 1079 
(insoluble) | GI Tract 
it corer ; 
en. -9 
( asoluble) | Lung 5x10 
-4 
(insoluble) | GI Tract 4k x 10 


sr?? (soluble ) 
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material (e.g., sr°?, cal zr?, ‘etc.) so the values given above for sr?° 
should be reduced by a factor (we might take 50 percent as an average value) 
which depends upon many things such as the type weapon, yield, elevation of 
shot, time since detonation, distance from shot, etc. 

In like manner the maximum permissible body burdens of cst37 and sr” 
as suggested by the ICRP as an average for the population-at-large are 0.3 uc 
cs*3? (¢.000000003 grams of Cs*3? in body) and 0.07 we Sr” (0.0000000005 
grams of sr” in body). 

In conclusion it should be emphasized that the above levels suggested 
by the ICRP for application to the population-at-large are average values 


that do not apply in the individual case. Also they are not firm figures 


but guides for planning purposes. However, even though these values are very 


small they do represent an appreciable exposure as indicated by the Summary 

in Table V. At the present time none of these values are firm. Although the 
NCRP has not as yet suggested specific dose values for the population-at-large, 
it may be anticipated that in the near future it will recommend values to serve 
as guides; values that are not much (if any) different from those in Table V. 
All values for occupational exposure in the Internal Dose Handbooks as well 

as the above values serving as guides will be revised from time-to-time as more 
data becomes available. It is to be hoped that as more data are obtained in 
the future, specific values applicable to the population-at-large can be 
determined for each of the radionuclides. For example the Health Physics 
Division of the Oak Ridge National Laboratory has underway small programs for 
the study of the localization of the radionuclides in the gonads and in the 


other body organs as well as ecological studies to determine the indirect effects 
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of ionizing rediation om man and his emriromment. Ultimately ve mst 
establish more firm MPC values applicable to the population-at-large; values 
that are based on large mabers of experiments that are normalized to man when- 
ever possible. Im the long rum these values must be set in terms of the 
overall good to mankind. They must mot be set so low as to deprive man of 
the many peacetime benefits of muclear energy and at the same time they must 
be low enough that the benefits will exceed the damage not only with reference 


to ourselves but with respect to our exviroamest ani to generations of men yet 


unborn. 
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TABLE V 


VALUES OF ABSORBED DOGE* TO VARIOUS ORGANS OF THE BODY 
FROM INTERNAL EMITTERS 


Organs Exposed (average ren 
in 30 yrs) 


Gonads 
Bone From radionuclides emitting 
a, 6, or e radiations 


Bone For the case of radium 
isotopes 

Bone Marrow For radioisotopes emitting 
X or 7 radiations 


Thyroid and Skin 


Total Body Excluding the gonads 
Individual 
All Othef Organs 





*These values correspond to the dose that would be received by members 
of the population-at-large in 30 years if the average man were 
exposed for 30 years at the MPC values suggested by the ICRP for 
planning purposes. 
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STATEMENT OF DR. JACK SCHUBERT, SENIOR CHEMIST, 
DIVISION OF BIOLOGICAL AND MEDICAL RESEARCH, 


ARGONNE NATIONAL Lasonatory? 


My statement is based in part on the contents of two articles”’ 3 
which are submitted for the record. 

The points I stress are listed below. Additional specific information 
and extension of the comments listed are found in the aforementioned 
articles. 

1. A maximum permissible level (MPL) of radiation is equivalent 
to a probability of risk. It involves the estimation of numbers which are 
related to the probability that exposure of a population to the MPL will 
produce no intolerable incidence of injury or death. That part of the 
population which receives less radiation than the MPL will have a lower 
probability of sustaining injury while that part of the population which 
receives more radiation than the MPL will have a higher probability. 

2. The setting of a MPL must be based on that appreciable part of 
the population which is most likely to suffer injury from a given MPL. 
Iasofar as cancer produced by radiation is involved, the most susceptible 


segment of our population appears to be the unborn child. 





1stography is attached to this statement. 


erGlobal Radiation Limits," by J. Schubert and R. E. Lapp 
Bulletin of the Atomic Scientists, Volume 1h, pages 23-26 (1958). 


S-Petal Irradiation in Relation to Cancer Deaths from Fallout 


and Natural Background Radioactivity," by J. Schubert, Bulletins of the 
Atomic Scientists, June, 1959. 
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3. The MPL camnot be based wholly on average values of radiation 
exposure of the entire population, but attention should be given to 
that fraction of the most sensitive population whose radiation exposure 
exceeds the average values by two, three, and more, as long as those who 
exceed the average constitute significantly large numbers. 

&. The best possible present-day estimate of the cancer-producing 
effects of fallout is derived from studies of the carcinogenic effects 
of unusually emall amounts of irradiation (about 2 r) to the human fetus. 
From these studies I have astimated that every 2) millircentgens (ar) 
of fallout radiation received by a child before birth may produce a 1¢ 
increase in the numbers of children below the age of ten who die fron 
cancer each yeer. 

While the estimate given here is quantitatively subject to a wide 
uncertaiaty, the important point is that it now appears that radiatioa 
doses so low as to approach the radiation levels from fallout and natural 
background cause a significant increase in childhood cancer deaths. 

As the smount of fallout increases it is prudent to assume that the 
increase in childhood cancer deaths produced will increase proportionately. 

5. et is sometimes not sppreciated that the permissible level cited 
for a given radioactive isotope assumes that no other radiation exposure 
occurs except that received from the specific isotope and the seateral 
background. Thus, when the maximum permissible level of strontium-90 is 
stated to be 100 strontium unites it aust be kept in mind that it is 
impossible to receive radiation only from strontium-9 in the case of fallout. 


Since the MPL's are not additive it is necessary to consider a 


“practical permissible limit" which includes an approximate evaluation of 
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the rediatien reesived fren all falleut seurees. The practical 
rediatics limit fer styeetiam-9) sheuld be set at 5D streatiun units, 
half the present MPL, sinse any peresa whe reecives 50 stventiun units 
actually receives rediatien frem ether fallewt seurees equivalent te 
roughly em additiesasl 5O stwentiun units. 

6. It appears reasonable that the WL fer large populations be 
telated to the natural bashgveund vediecestivity. Onee a value ef the 
meteral bachgveund redicastivity has been agreed wen - I have cuggested 
10 rem as the lifecios full-bedy dese - then the WPL can be cet as « 
multiple ef this “fined aesural bechgueund". 

At present the WPL fer lagge pepelaticns is pagged te the eccupational 
permissible level which has the disadvantage thet it veries fren country 
te eountry, end within « given country it hes been subjected to constant 
revision. By relating the WPL fer large pepulations te a more legical 
baseline, namely the natural background, the WPL, would, fer all time and 
is all countries, heve on identical and uavarying beceline. 

I-. Im order te achieve the best possible estinste of the WL a new 
committee of scientists vepresenting all the pertinent fields ef science 
ouch as geneties, biestatisties, phyeieas, medical seifence, ets. should be 


ORGY LS Mee Gt er or Js be cheeen wy eames presedupe recommended by an 
orpeninectes ema oo © Yothemnl seademy 6f Selemece. It is ispertamt what 


euch a committee which moet nsw deel with the pesoible effeets ef very lev 
levels of internal and emteres] redietden ust be Guminated by 2 few fields 
ef specialty. 
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The Bational Committee on Radiation Protection (BCRP), which for 
many years has been setting the MPL's, does not meet the scientific 
requirements stated above and its basis for selecting committee members 
is inappropriate. 

8. Once a qualified scientific committee has set maximum permissible 
levels of radiation exposure for large populations it is desirable that 
another type of committee apply this MPL to specific situations and 
occupations such as in industry, leboratories, and naval vessels. Such «a 
committee should have representatives not only from science and engineering 
but from labor, management, the military forces, and the public as well. 
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ADDITIONS TO THE STATEMENT OF DR. JACK SCHUBERT, SENIOR CHEMIST, 
DIVISION OF BIOLOGICAL AND MEDICAL RESEARCH, ARGONNE NATIONAL LABORATORY 


I wi'+ to extend some of the comments made in my prepared statement 











which has already been given to the Congressional Committee. In addition 
I would like to insert some scientific papers which have an important bearing 


on the evaluation of potential hazards from radioactive fallout. 





Point 1: I think it is necessary to extend my comments which take it as 


fact that the National Committee on Radiation Protection (NCRP) is unqualified 


as a group to provide the American public with a well-balanced and technically 









competent evaluation of maximum permissible limits of radiation. The NCRP was 


originally organized to deal with a limited problem, namely the protection of 


technicians 





working with radium and X-rays in hospitals and a few limited 


industries. 





Consequently the committee has consisted predominantly of 














physicians, usually radiologists, and radiological physicists. However, since 


1954 we are faced with a new problem which had never been visualized by the 





old NCRP. This new problem--the world-wide dispersal of man-made radioactivity-- 


involves 





the evaluation of the potential harmful effects of radioactive 


isotopes and low-level radiation to the world's population. 





The new problem of evaluating the effects of low-level radiation is no 





longer a problem for which the medical profession and their associated 








physicists alone are capable of judging. Scientists from numerous scientific 


disciplines are necessary--geneticists, epidemiologists, meteorologists, 





biostatisticians, biochemists, geologists, physiologists--to name a few. 






Yet, even at this late date, the NCRP still remains nearly unchanged from its 





original setup. The NCRP, namely, the main or parent committee, consists of 









41 members of whom at least 33 are physicians and physicists. In recent years 









they 
rep! 


mil: 


con 
all 
com 
dif 
ren 
Dr. 


th 


wa 
Li 


he 


uw) 


FALLOUT FROM NUCLEAR WEAPONS TESTS 1639 


they have added some scientists from other disciplines. However, the 
representation is still predominantly from radiological organizations, the 
military, and industry. 

Dr. Taylor in his original remark on my testimony stated that the NCRP 
consists of 150 members. He was of course referring to the membership of 
all the subcommittees as well. He agreed, however, that the main or parent 
committee, the NCRP does consist of only 41 members. He overlooked the 
difference between the main committee and the subcommittee later in his 
remarks when he asserted that the NCRP does have a statistician on its staff. 
Dr. \’. S. Snyder, a competent statistician, was named as being a member of 
the NCRP. Dr. Snyder is not a member of the NCRP but a member of Subcommittee 
2 on permissible internal dose, at least as of November 1, 1958. 

In my prepared statement and in my testimony my criticism of the 
composition of the NCRP was not such as to imply that scientists from other 
disciplines were not represented but rather that the membership of the NCRP 
was topheavy with radiologists and physicists. Examination of the membership 
list of the NCRP--which I assume will be included in the record of these 
hearings--is sufficient to illustrate my point. 

The deficiencies in the membership of the NCRP extend into the sub- 
committees which are chosen largely upon the recommendations of members of the 
NCRP. Two examples illustrate my thesis. One is that some individuals are 
members of three or more different subcommittees despite the fact that many 
other qualified scientists are available who do not belong to any subcommittee. 
Secondly, some of the subcommittees themselves reflect the inadequate 


scientific representation of the main committee. Thus subcommittee 2 on 
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permissible internal dose has ten members distributed as follows: six of 

the ten are physicists, two are physicians, one is a statistician, and one 

is a biochemist. As a minimum, one should expect such a committee to have 
fewer physicists and more individuals who are expert on such topics as calcium 
metabolism and the relationships between the chemical and physical state of 
radioisotopes and their metabolism. 

Point 2; I feel that too many unwarranted conclusions have been drawn 
from the radium dial cases with respect to the carcinogenic action of radium. 
This is a very important point because the estimation of the permissible levels 
of strontium-90 have been tied to that of radium. Much has been made of the 
fact that no cases of bone cancer have been observed in those radium dial 
painters who have had about 0.4 microgram or less of radium in their bodies. 
This observation has been utilized in considerations which have led to the 
setting of 0.1 microgram of radium as the occupational permissible level. 
However, one should examine the incidence of bone cancer in the radium dial 
cases from a point of view analogous to that used by insurance companies. 

From the fact no bone cancers were found in exposed persons retaining body 
burdens of less than 0.4 microgram of radium does not prove in any manner that 
such low amounts may not cause an appreciable increase in bone tumor incidence 
as the following paragraph details. 

Consider the number of bone tumors that would normally, that is, 
spontaneously, appear in a group of 100 girls beginning at age 15 and followed 
for 30 years. For this calculation I am inserting for the record of the 
hearings the vital statistics on bone tumor incidence published by Mr. Harry 


Auerbach of the Argonne Naticnal Laboratory. ! From his tables it is found 


luarry Auerbach, "Bone Tumor Integrated Death Rates", Semiannual Report Number 
ANL-5841, July-December, 1957 from the Division of Biological and Medical 
Research, Argonne National Laboratory. 











han 


are 


rad 


to 


has 


of 


an 


oc 


un 





els 


FALLOUT FROM NUCLEAR WEAPONS TESTS 1641 
that normally in 100 females beginning at age 15 and followed for 4% years 
that the actual bone tumor incidence is 0.015 bone tumor during the entire 


period of observation. Now if some agent such as 0.1 microgram of radium 
caused even a tenfold increase in the bone tumor incidence it is still 
unlikely that even one tumor would or could be detected. Obviously the 
handful of radium dial painters having small amounts of radium in their bones 
are completely inadequate a sample on which to make a judgment as to the 
radiotoxicity of amounts of radium or strontium-90 in amounts corresponding 
to a 0.1 microgram of radium or less. 
An analogous situation which has been utilized by some of the witnesses 
has involved the apparent fact that no bone cancers were observed in a group 
of radiologists. Consider a group of one thousand men beginning at age 25 
and followed for 30 years. The number of spontaneous bone cancers which would 
occur in the thirty year period is 0.27. Consequently it would be highly 
uncertain that one tumor would be found even if the radiation exposure of 
a thousand radiologists caused a tripling of their normal bone cancer incidence. 
Point 3; The distribution of strontium-90 from nuclear weapons tests 
is world-wide which means that one has to deal with a heterogeneous system 
operating in a heterogeneous population. I pointed out in my testimony that 
when dealing with a potentially harmful agent involving the world's population 
it can be misleading to use average values of sr in the bones. It is 
important, especially in relation to the setting of permissible levels for a 


world population that we have some basis for estimating the degree to which 


appreciable fractions of the population accumulate two and more times the 


average amount. 
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Consider the histogram shown in Figure 1 which shows the experimental 


results giving the analyses 










of natural non-radioactive strontium in the bones 








relative to calcium. ‘/hile it was stated that the data in Figure 1 approximate 
a normal distribution it is seen that the lognormal fits the data and is the 


proper one to use. 





Note that the use of the normal distribution arbitrarily 


disregards several percent of the population who exceed the average values 






by two or more. It might be added that as a purely technical point that the 


average values calculated on the basis of a non-applicable normal distribution 








are inappropriate. Prof. J. H. Gaddum has pointed out that if a distribution 








is not normal “it is unjustifiable even to assume that the arithmetic mean is 


the best estimate of a quantity that can be derived from a set of measurements 














of it", (Nature, 156, 463, 1945). The geometric mean is the suitable average 
value for the data illustrated in Figure l. 


It is possible to test whether a normal or lognormal distribution applies 





by plotting the experimental data on special probability paper. Depending on 
the type of distribution curve assumed, whether normal or lognormal, a 
reasonably good straight line is sufficient evidence to justify the use of a 
given distribution to describe the data. 


A good example of the applicability of the lognormal to apply to strontium-% 


content of human bones is taken from the recent paper by J. L. Kulp and 









associates (Science, 129, 1249, 1959). They analyzed the bones of 838 humans 






living in different parts of the world. [hey concluded that the distribution 


“is clearly not normal". ‘hen the data are plotted on probability paper 







assuming a normal distribution as shown in Figure 2 it is seen that no straight 





line is obtained. However, when a lognormal distribution is assumed one obtains 





an excellent straight-line fit of the data as shown in Figure 3. The 
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applicability of the lognormal to these necessarily heterogeneous world-wide 
data is very gratifying. In view of the results obtained shown in Figure 3 
it is difficult to explain the statement of Kulp and associates that the 
distribution does not "correspond closely to a lognormal pattern". 

Using the lognormal distribution it follows that 28) of the group 
represented in Figure 3 have three or more times the average (geometric mean) 
amount of strontium-90 in their bones. Over 4% will have seven or more times 
the average! These values are appreciably greater than those of Kulp's who 
used incorrect averages and an incorrect distribution curve and hence 
underestimated the fraction of the population which would exceed the average 
values. The assumption of a non-applicable normal distribution always gives 
values which are too low as can be seen from Figure 1. 

I am preparing together with my colleague, Mr. Sylvanus Tyler of the 
Argonne National Laboratory, a detailed analysis of the applicability of the 
lognormal distribution to the levels of trace elements in the body. Two 
conclusions which we have arrived at are: 1) The type of data shown in 
Figure 3 will never become normal as some scientists have believed, and 
2) Without exception, the distribution of trace elements such as radium, 
cesium, natural and radioactive strontium, etc., all are best described by a 
lognormal distribution. Only in those cases where too few samples are 


available or in some cases where the samples analyzed are restricted to a 


homogeneous group then either the lognormal or normal distributions appear 


to apply. 
While it is of certain scientific interest to restrict analyses of human 
bones to individuals living in only one area and in a restricted age group, 


the world-wide distribution of strontium-9 is inevitably subject to wide 
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variations. The fact that the lognormal distribution applies even in these 
cases allows a realistic prediction of the deviations far from the mean 
and hence gives a better basis for setting permissible levels. 

Point 4: For reasons given in detail in my technical paper on fetal 
irradiation and fallout, it is my opinion that the findings of Stewart, Webb, 
and Hewitt on the incidence of childhood cancer induced by small amounts of 
X-rays, is of the utmost significance insofar as estimating the possible 
effects of fallout and natural background radiation. I am submitting the 
Stewart paper for insertion into the record of these hearings and a copy is 
enclosed (A. Stewart, J. Webb, and D. Hewitt, "A Survey of Childhood 
Malignancies", British Medical Journal, June 28, 1958, pages 1495-1508). 

One point from these studies that I would like to stress is its bearing 
on the threshold problem. They found that doses of the order of 2 roentgens 
produced a 100% increase in childhood cancer incidence including leukemia. 
This suggests, in a practical way, that the concept of threshold levels for 
carcinogenic effects, insofar as the human fetus is concerned, is not 
applicable. If a threshold does exist in these cases it lies too low to be 


included as a factor for evaluating the world-wide effects of radiation. 
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Figure 2. Plot of the distribution of Strontium-90 in the bones from 
833 humans from different regions of the world, assuming a normal distribution. 
The data used are those of J. L. Kulp, A. R. Schulert, and E. J. Hodges, 
ence, 129, 1249 (1959). The pronounced curvature shows that the normal 


distribution is not applicable to the data. 





FALLOUT FROM NUCLEAR WEAPONS TESTS 


IN 


Arithmetic 
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Figure 3. Plot of the same data given in Figure 2 but assuming a lognormal 


distribution applies. The abscissa is in logarithmic units. 
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Radiation and Man: Basic Data 
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Global Radiation Limits 


JACK SCHUBERT and RALPH E. LAPP 


NTIL the advent of nuclear energy one could 
| | consider all man-made radiation sources as local- 
ized in character. There was no need for consid- 
ering limits to the radiation exposure of the world’s 
population. It was for this reason that interest focused 
on establishing “permissible limits” for relatively small 
numbers of adults occupationally exposed to radiation 
hazards. The large-scale release of radioactive products 
into the earth's atmosphere and the subsequent deposi- 
tion of these materials on the earth’s surface attracted 
public interest and initiated controversy. Public and sci- 
entific anxiety over the biological consequences of radio- 
active fall-out argues for the setting of a maximum per- 
missible level for a general population or a General 
Population Limit (GPL) as opposed to an Occupational 
Permissible Limit (OPL). 

In a sense it is fortunate that global fall-out from 
bomb tests focuses attention on radiation hazards, for 
the expanding use of nuclear reactors, both stationary 
and mobile, will sooner or later force establishment of 
a GPL. What is to be regretted is that scientific knowl- 
edge about the ultimate biological effects of radiation 
at low levels is inadequate to deal quantitatively with 
all aspects of the problem. 

It may be formulated as a single question: How 
much radiation above the natural radiation (back- 
ground) which everyone receives may be “allowed” 
without incurring harm to a significant segment of the 
world’s population? We may liken the problem to cut- 
ting a third notch on a yardsfick which already has two 
notches, one being the natural background and the 
other being the OPL. Somewhere between these two 
notches the GPL is to be fixed. 

Before we can proceed to discussing where the GPL 


Ralph Lapp, physicist and lecturer, and Jack 
Schubert, Senior Chemist in the Division of Bio- 
logical and Medical Research at Argonne National 
Laboratory, are co-authors of the recent book, 
Radiation: What It Is and How It Affects You. 


notch goes, we must obviously investigate the position 
and meaning of the levels corresponding to the natural 
background (NB) and the OPL. And we must define 
these levels in terms of appropriate units. Since one has 
to deal with different types of radiation the most mean- 
ingful unit is the roentgen equivalent man (rem) 

The base point on the radiation yardstick we shall 
call the Fixed Natural Background, defined as that 
amount of radiation received by a standard man 
throughout a life span of 70 years. Since the annual 
background dose (Reference 1, p. 1240) is approxi- 
mately 0.134 rem (0.030 rem from cosmic rays, 0.060 
from the carth’s surface and 0.044 from internal cmit- 
ters, all referred to dosage of the bone marrow), it seems 
logical to stipulate 10 rem as the lifetime dose for the 
Fixed Natural Background (FNB). The authors pro- 
pose that any General Population Limit for radiation 
be fixed as a multiple of the FNB rather than as a frac- 
tion of the OPL. We realize that the natural radiation 
background varies from region to region and for differ- 
ent heights above sea level, and so on. However, even 
though arbitrary, the fixing of an exact value for the 
NB provides many advantages as has been found in 
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analogous situations as witness the “standard man” and 
the “curie.” 

Before proceeding further, we must examine the his- 
tory and philosophy attending the relative position of 
the OPL (2, 3). Reports of radiation injury to dozens 
of individuals began to appear in the literature within 
a few years after Roentgen’s discovery of X-rays (1895). 
As eatly as 1902 attempts were made to define a “tol- 
erable” dose of radiation. In 1911 a monograph was 
published by O. Hesse who gathered statistical data on 
94 cases of radiation-induced cancer some of which evi- 
denced latent periods of a decade (4). 

The International Committee on X-ray and Radium 
was formed in 1928 and renamed in 1937 as the In- 
ternational Commission on Radiological Protection 
(ICRP). This group defined Permissible Dose as “a 
dose of ionizing radiation’ that, in the light of present 
knowledge, is not expected to cause appreciable bodily 
injury to a person at any time during his lifetime.” The 
“present knowledge” at that time was derived largely 
from human experience with a small number of gross 
overexposures to X-radiation; thus the word “appreci- 
able” by-passed more subtle effects of radiation damage. 
In addition, the concept of damage occurring during 
a lifetime was admittedly weak since there were very 
little statistical data on long-term radiation effects. It is 
thus understandable that suggested values for the maxi- 
mum permissible dose should have been constantly 
lowered throughout the past half century. Table 1 illus- 
trates the manner in which the official and quasi-official 
estimates for permissible levels (occupational) have 
changed for external radiation sources. The most recent 
change apparently represents a strong recognition of the 
importance of genetic considerations and of others such 
as shortening of life. 

With regard to permissible levels for internal emit- 
ters, principally radium, the record of the past half cen- 
tury begins with the curious notion—which persisted 
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TABLE 1 


Occupationat Rapiation Liuit to Torat Bopy 
FROM Externat RaviaTion Sources 


Year OPL (r/year) 


for many years—that radium had a beneficial effect upon 
humans. For example, as late as 1917, C. E. Field 
wrote: “Radium has absolutely no toxic effects, it being 
accepted as harmoniously by the human system as is 
sunlight by plants.” (5). Figure 1 illustrates how the 
suggested permissible levels for radium in occupation- 
ally exposed individuals have been changed since the first 
limits were established. If we look upon radium reten- 
tion in humans as a problem in toxicology, it is under- 
standable that the OPL is not regarded as an absolutely 
safe limit but rather as a level which is subject to con- 
stant revision and re-evaluation. Because of the nature 
of the evaluation process, much depends upon the back- 
ground and outlook of the evaluators. 


Who Sets Limits? 


Initially, those who formulated the ICRP recom- 
mendations were either physicians or physicists associ- 
ated with medicine. The outlook of most physicians 
was limited to short-term and visible effects of radiation; 
many even today regard the genetic effects of radiation 
as “theoretical.” Radiologists accustomed to therapeutic 
radiation dosages measured in the hundreds or thous- 
ands of roentgens seem to find it difficult to believe 
that much smaller amounts of radiation may be harm- 
ful. Consider the membership of the influential U.S. 
National Committee on Radiation Protection (NCRP): 
of the 36 members, nearly one-half are physicians, 8 
representing radiological groups, and the others repre- 
senting the military and industry; while nearly all the 
rest are physicists, with a few representing manufacturers 
of radiation equipment. Essentially, no “pure” scien- 
tists representing such fields as cellular physiology, bio- 
chemistry, genetics, trace element metabolism, and bio- 
statistics are on the committee. The NCRP, being the 
principal committee concerned with all aspects of radi- 
ation, should represent a wide spectrum of scientific 
ficlds—one made up of all geneticists, for example, is 
no more qualified than a committee consisting only of 
physicians, or statisticians. One of the underlying rea- 
sons why the recommendations of the report of the 
National Academy of Sciences (1956) clashed with 
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NCRP views is probably the different membership of 
the advisory committees involved (6). 

A constant argument in radiation protection circles 
has been the question of how much radiation it takes 
to produce cancer in humans. Many radiologists and 
biologists subscribe to the contention given in many 
textbooks that a dose in excess of 1,000 r is necessary to 
induce cancer. Values of 1,000 to 3,000 r are stipulated 
as necessary for the induction of lung and bone cancer. 
Studies published in 1950, based upon late follow-up 
of children given thymic irradiation with X-rays, point 
to radiation dosages in the neighborhood of 200 r as 
inducing thyroid cancer. Subsequent publications have 
substantiated these initial results (7). British data, first 
published in September 1956, indicated that many types 
of cancer were induced in children exposed in utero, 
generally in the 8th or 9th month, as a result of pelvi- 
metric X-rays (8). Intravaginal dose measurements 
yield a total average of 2.9 r for a series of 4 pelvimetric 
films (9). That such small amounts of radiation may 
induce cancer in human tissue has been questioned (10), 
but the completed study, not yet made public, bears 
out the preliminary reports. The data compiled by Dr. 
A. Stewart and her colleagues from a study of more than 
1,500 children who died before the age of 10 from malig- 
nancy of all types shows that a history of irradiation in 
utero (i.e., a pre-natal abdominal X-ray) was obtained 
nearly twice as frequently from the mothers of children 
who had died from leukemia or cancer as from the 
mothers of live controls. If these observations are con- 
firmed, the whole problem of the carcinogenic effects 
of radiation must be re-evaluated. 


Factors To Be Considered 


It may be hoped that future research will illuminate 
the induction of somatic effects by radiation in the 
range of a few roentgens. But the present data should 
make for extreme caution in the establishment of the 
GPL. The following considerations, however, also apply: 


1. The Nature of Relative Risk—In the past the num- 
bers of people involved in occupational exposure to radiation 
have been relatively small, so that calculation of the risk to a 
total population raises new problems. A probability of one 
injury per 100,000 individuals exposed would be a small risk 
for a laboratory group but for the world’s population it would 
involve harm to 28,000 individuals. 

2. Sensitive Groups.—A large population includes a non- 
uniform sample in contrast to the selected sample in occu- 
pational exposures. The latter consists of healthy adults, edu- 
cated in risks, voluntarily exposed to known hazards under 
administrative and medical supervision. These establishin 
the GPL must recognize the sensitivity of the most critical 
age, health, or genetic group. The GPL must also reflect 
consideration of the individual in utero if this is the most 
sensitive phase of a person’s exposure to radiation. 

3. Lifetime Radiation Effects——Delayed and subtle so- 
matic cffccts of radiation become of great significance when 
one applies the concept of a radiation limit to a total popu- 
lation. The medical profession has only limited data on late 
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effects of radiation, usually limited to follow-up studies of a 
few years or decades after irradiation. Very few data exist 
for half-century delayed effects and these involve individuals 
originally exposed as adults or in late adolescence. Informa- 
tion on delayed radiation effects on children is urgently 
needed in considering the GPL since many millions of per- 
sons are irradiated even before birth. For example, about 
400,000 children are irradiated in utero in the United States 
each year as a result of X-ray pelvimetries—one woman in 
four has a routine pelvimetry before the birth of her first 
child (11). 

4. Genetic Effects——Obviously the genetic factors be- 
come of great importance when formulating a GPL. The 
NCRP suggested in January 1957 that: “The maximum per- 
missible dose to the gonads for the population of the United 
States as a whole from all sources of radiation, includi 
medical and other man-made sources, and background, shal 
not exceed 14 million rems per million of population over 
the period from conception up to age 30, and one-third that 
amount in each decade thereafter.” Of the 14 million rems, 
4 million rems are from the unavoidable natural background. 

5. Biospheric Variations.—Deposition of air-borne radio- 
active particles shows irregular patterns depending upon the 
geographic source of original radiation, the meteorology, soil 
conditions, terrain, and the type of agriculture. These vari- 
ations will be superimposed upon differences in diet and 
human factors which lead to retention of radioactive sub- 
stances in humans. 

6. Ecological Factors—Upset to the ecological pattern 
of an area can result from changes in a single ecological link. 
Concentration of a radioelement by a species must be con- 
sidered. The radioactivity of plankton average several thou- 
sand times higher than the surrounding sea water. 

7. Statistical Distributions.—It is of importance to know 
what distribution pattern traces of radioactive substances 
exhibit on being retained in humans. One may fix the GPL 
on the basis of an average value, say for strontium-90 re- 
tained in bone, but the critical feature for a global popula- 
tion is the extent to which a segment of this population will 
retain twice, three, four or more times this average. 

8. Psychological Factors—Scientists may recommend cer- 
tain values for a GPL, but acceptance of these recommen- 
dations by the general cn geon is another thing. This has 
been demonstrated rather graphically on a number of occa- 
sions when the public was confronted with a radiation 
hazard. The Japanese response to contaminated tuna fish 
is a case in point (12). Radiation levels established by the 
American tuna industry clearly reflect the view that the con- 
sumer sets the standard for acceptability of radioactivity in 
canned tuna. 

9. Future Knowledge.—Present knowledge of human 
physiology is not adequate to preclude scientists’ a 
their toes” in extrapolating studies on chronic or delay 
effects of radiotoxic substances in humans. This is a 
true when one looks into the allied field of toxic chemi 
such as beryllium compounds (13). Unexpectedly it was 
found that inhalation of minute amounts of certain forms 
of beryllium could produce a disabling lung disease known 
as berylliosis. The latter might follow many years of good 
health after the intake of the toxic chemical. It was a sur- 
prising discovery that many individuals in communities ad- 
jacent to beryllium plants were afflicted with berylliosis even 
though the concentrations of the toxic matcrial were thou- 
sands of times less than in the plant. The permissible expo- 
sure levels of beryllium for the gencral population living in 
the vicinity of a beryllium plant has been sect by the AEC 
as 200 times less than for occupational groups. The history 
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of toxicology is replete with many other examples of recog- 
nition of hazards and setting up of limits only after serious 
or lethal effects were observed. 

10. Adequacy of Biological Data —Extension of radiation 
levels from small populations to 2.8 billion people makes it 
mandatory that there be an adequate biological he for pre- 
dicting the ultimate effect of radiation upon so many indi- 
viduals. In the case of globally distributed strontium-90 the 
evaluation of the toxicity of this additive to the human in- 
ternal environment is based upon some 80 published case 
historics of radium retention in humans. Only a fraction of 
these individuals were reported to have radium levels in the 
area of interest, i.e., chronic, low-level damage. Additional 
radium-burdened humans have been found in the past few 
years and the total may run to several hundred cases. 

About 15 individuals in every million become afflicted 
with bone cancer each year. Now even if this rate were in- 
creased ten-fold by an amount of radium corresponding to 
the OPL this would still mean less than one case of bone 
cancer would be found in a thousand cases. It is obvious, 
therefore, that conclusions as to the toxicity or lack of tox- 
icity of radium and hence of strontium-90 drawn from a 
handful of cases are statistically meaningless. While no bone 
cancer was found in patients having less than 0.4 microgram 
of radium, patients who had 0.5 to 10 micrograms of radium 
had a bone tumor incidence of 14 per cent. From these 
latter data it can be calculated that the probability of bone 
cancer from the retention of 0.01 microgram of radium (the 
GPL) is 1] in 2,000 cases in 30 years (assuming the worst— 
complete linearity between radium content and bone can- 
cer induction). This would amount to nearly 100,000 addi- 
tional cases of bone cancer in the U.S. population alone in a 
30-vear period 

It is apparent that the biological basis for evaluating the 
global strontium-90 hazard is by no means firm. Consider- 
ing the shakiness of the base, it is difficult to understand the 
confidence with which some scientists, officials, and others 
have voiced optimistic predictions about the nature of this 
new hazard 


This tabulation does not necessarily cnd with the 
recital of these ten topics for there are other aspects 
of the global problem which could be added. When 
one comes to consider the over-all problem it is incs- 

apable that the final decision on the GPL will consist 
of a value judgment and a calculated risk. A certain risk 
must be taken in order to obtain the great benefits 
which accompany the use of radiation. A liumanist 
would argue strongly for allowing no radiation which 
could add to human misery; a geneticist would plead 
for no level which might add significantly to the genetic 
overload of future gencrations; and a somatologist, con- 
scious of the limitations of present knowledge, might 
well argue for levels stipulated by the geneticist 

The present custom in stipulating a value for the 
GPL is to set it as some fraction, often one-tenth, of 
the OPL. An obvious disadvantage is that the OPL is 
arbitrary and has been subject to many downward re- 
visions. Furthermore, values for OPLs vary from one 
country to another. Some extremists have suggested 
GPLs at such a fraction of the OPL that below-back- 
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ground values result. Setting the GPL as a multiple of 
the FNB (10 rem) would resolve these difficulties. 

Within reason and practicality, the GPL should be 
based upon the harmful effects expected to result from 
the smallest dose of radiation to a significant segment 
of the world’s population. If we have a choice between 
a lower and a higher GPL, within the bounds of present 
knowledge, we should choose the lower one, if it per- 
mits us to catty on our essential activities involving the 
use of radiation. Emphasis should be placed upon ge- 
netic factors, and on possible especially high sensitivity 
of the developing embryo, in stipulating the GPL. Of 
future importance is the point that the potential hazards 
from radiation must be discussed not only in terms of 
“average” dose but also in terms of the fraction of the 
population who will exceed the average by two, three, 
and more (14). 


Summary 

It is proposed that international agreement be 
reached on establishing radiation limits applicable to 
the world’s total population. Such a General Popula- 
tion Limit (GPL) would be at some point intermediate 
between the Fixed Natural Background (FNB) to 
which everyone is exposed and the OPL (Occupational 
Permissible Limit) set for small numbers of individuals 
occupationally exposed to radiation. It is proposed that 
the GPL be taken as a multiple of the FNB which in 
turn is fixed at 10 rem. The factors which enter into 
consideration of the global radiation limits are enumer- 
ated and contrasted with those involved in setting the 
present occupational levels. 
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FETAL I3RADIATION IN RELATION TO CANCER DEATHS FROM FALLOUT 


AND NATURAL BACKGROUND RADIOACTIVITY* 
JACK SCHUBERT j 


Division of Biological and Medical Research 
Argonne National Laboratory 
Lemont, Illinois 
Recent surveys (1) on the carcinogenic effects of unusually saall 
amounts of irradiation (~2 1) to the huaan fetus during diagnostic x-ray | 
pelvimetry of the mother make it possible to estimate that present levels 


of fallout (~ 20 mr to the fetus) may cause an increase of about 1% in the 


number of deat:hs from all types of cancer occurring in children in the | 
O-10 year age group. Similar estimates indicate that natural background | 
radioactivity may be responsible for about % of all cencer deaths in the 
O-10 year age group. These estimates assume: 1) that a proportionality or 
near proportionality fcr radiation effects on the fetus exist in the 20 ar 
to 2 r dose range since 2 mr = 0.02 r being 14 of 2 r. Likewise the 100 ar 
to the fetus from natural background radioactivity would produce a % effect. 
2) that no dependency on dose-rate exists. 

The validity and applicability of the aforementioned assumptions are 
discussed later. However, it can at once be stated thet these estimates, 


derived entirely from human exposure data, are based on fewer asswaptions 


ae 





“this work was performed at the Argonne National Laboratory under che auspice: 
of the U.S. Atomic Energy Commission. I wish to acknowledge many helpful 
discussions which I have had with my colleagues, Messrs. Harry Aver‘bach and | 
George A. Sacher. The views expressed are those of the writer aad are not 


necessarily those of the aforementioned colleagues, the Argonne National 


Laboratory, or the U.S. Atomic Energy Coumission. 
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and extrapolations than any others that have as yet been majie. In short, 
they are the best that can be made at the present time on the important 
and pressing problems of the possible carcinogenic effects on children of 
low level radiation from fallout, natural background, and other sources. 

The purpose of this paper is to discuss 1) the basis for the above 
calculations and 2) their implications as to the planning of experiments 
and strtistical surveys in which it is desired to ascertain the carcinogenic 
effecte of very low levels (< 10 r) of radiation in human populations. It 
is of further interest to investigate other consequences of fetal irradiation 
on such topics as threshold and the evaluation of accidents involving the 
release of radioactive material. 
IN UTERO IRRADIATION FINDINGS 

The estimates given in this paper derive from the findings of Stewart, 
Webb, end Hewitt (1). Im their careful statistically controlled study an 
attempt was made to trace all children in England and Wales who died of 
leukemia or cancer before their tenth birthday during the years 1953-1955. 
These children were compared in their prenatal and postnatal. experiences 
with an equal number of healthy children -- the control group. The necessary 
facts were obtained from the mothers by sending a specially appointed "survey 
doctor" to interview, first, the mother of a dead child, and secondly, the 
mother of a live child matched for age, sex, and locality but otherwise 
picked at random from the local birth register. By May, 1957, the mothers 
of 1,416 children (out of a total of 1,694) who died from cancers (677 


leukemia, and 739 other cancers) had been interviewed as well as 1,416 wothers 


of control children. 
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Extreme precautions were taken to eliminate sources of bias and 
faulty selection of cases and controls. Such factors as contraception, 
illnes:,, use of antibiotics by children, postnatal x-ray exposure, etc., 
common to the cases and controls were examined and evaluated. 

In their retrospective study Stewart, Webb, and Hewitt found that 
children who have been x-rayed in utero and thus received a radiation dose 
of roughly 2 r are about twice as likely to die of a malignant disease 
before their tenth birthday as other children. The fetal radiation was 
delivered during diagnostic x-ray pelvimetry in the last trimester of the 
gestation period. 

It should be appreciated that the exact amount of increase in cancer 
deaths produced in children from in utero irradiation received during 
diagnostic x-ray pelvimetry of the mother may be somewhat less or more than 
the factor of two reported by Stewart. Additionally, the exact radiation 
dosages received by the fetus are uncertain. It is possible, for example, 
that the fetus may receive as much as 10 r from some routine x-ray 
pelvimetries depending on the technique used. The important point, however, 
is, thet despite the tentative neture of my estimates, and the wide margins | 
of uncertainty, it now appears that rediation doses so low as to approach the | 


Eadiation levels from fallout and natural background cause 1 significart 
increase in childhood cancer deaths. 

It is first necessary to inquire into the validity of Stewart's findings. 
Similar studies still in progress in the state of Louisiana (2) and in 


Boston (3) thus far corroborate Stewart's findings. A large part of the | 


criticisms which have appeared, e.g., (4) were directed at the preliminary 


communication of Stewart et al. (5) which necessarily omitted details of the 
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statis:ical procedures and controls which were adequately described 
in the final report. Some critics of Stewart's work, apparently unaware 
of the contents of her final study, have suggested the possibility that 
some 0: all of the excess cancer deaths are explained by better recall 
of abdominal radiation by bereaved mothers. Actually Stewart and her 
associates had definitely excluded this possibility in a carefully conducted 
statis':ical manner. Furthermore, in the similar study made in Louisiana (2) 
the dai:a wera gathered from professional sources, thus miniaizing the risk 
from q.tional bias or selective memory in the informants. 

It: must be concluded, unless a comparable weight of evidence to the 
contrary arises, that the carcinogenic effect of direct fetal irradiation 


found ly Stewart et al. is not an artifact. 


PETAL I.ADIATION DOSAGES 

Tle second aspect of the Stewart findings to be consicsred is the dose 
receivad by the fetus during x-ray pelvimetry. From measurements of the 
total sonadal or intravaginal dose received by the mother curing x-ray 
pelvim:try estimates of the avernge corresponding fetal dosage have been 
made (6-9) but all must be considered uncertain. Berman oni Sonnenblick (8) 
have pointed out that because of the position and location of the fetus, 
only partial body exposures occur during pelvimetry. As on estimate of the 
average total body dose received by the fetus, I have taken 2 r -- in 
approximate agreement with usually accepted estimates. 

Tvo more estimates of dosage are needed for calculation. These are the 


total cosages received by the fetus frow radioactive fallout and natural 


backgreund redioactivity duriag the 9-month gestation period. The over-all 
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gamma and beta radiation reaching the fetus will be assumed equivalent to 
that received by the mother, despite differences in the localization and 
retention of some of the fission products and naturally radioactive 
elements. 

First let us evaluate the everage radiation dosage from natural 
background radioactivity. The best estimates of the total irradiation 
received by humans from all natural sources -- internal and external -- are 
those reported by the U. N. (9, p. 58) and Langham and Anderson (10). 
These sources give 125-134 mr per year as the average total background 
irradiation dose received by humans. We will assume, therefore, that the 
fetus receives 100 mr from natural background radioactivity during the 
Q-month gestation period. 

The estimation of whole body radiation dosage received by the fetus 
from radioactive fallout can only be approximated. In my estimate I have 
taken into account the fact that during the past five years bomb testing 
has been especially heavy and frequent. The frequency of testing is 
important because a large fraction of our radiation exposure comes from 
gamma-emitting fission products deposited on the ground, especially the 
tro -ub? isotopes where the zr? parent has a 65 day half-life. In the 
careful work by Gustafson, Marinelii, and Brar (11) it was found that 
relatively fresh fallout present in soil collected in October, 1957 
delivers a radiation dose to the body of 22 mr per year from gamma emitters. 


131 aoa ox? 


Transient exposures from short-lived fission products such as I 
give important contributions to the fetus which are sometimes overlooked 
when averaged out over a year. It should be recognized that in the case of 


gamma-cmitting fission products inside the body, the fetus receives a 


radiation dose from these isotopes deposited in the mother as well. 
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From deta on internal emitters (10) in conjunction with the external 
radiation deses from fallout on the grouad I estimate that the radiation 
received by the fetus during its 9-mwonth gestation period is at least 


that given te!.ouw: 


lod:.ne-131 SS FSB CEES ESOS OSES SEOSS 1 ur 
Strontium-90 Sere ee eee eee eee aeeeesesene eceess - 2 wr 
Cesiun-1 37 occnee woe wroeersoces eeeeen secs econee | mr 


Others (rv? ott nal? sr°?, zn, ete. )---- 1 mr 


External from ground ------------<-- woseccecce-s- 5 mr 
(Weathering and shielding 
factor of 4 is assumed.) 





Total ececeeees eee ee ere w nesses cece ceeseoseesoees)}() UF 


It is necessary to take into account the fact that several percent of 
the world's pwpulation have received at least twice the average exposures 
listed above und that the weathering and shielding factors in many heavily 
populated areas are less than & (9, p. 119). These factors plus a "safety" 
factor lead me to assume that the fetal dosages from fallout for aa 
appreciable fraction of the world's population lie in the range of 10 to 
%) mr during the 9-month gestation period. For the estimations given below 
I will take & mr as the basis for calculation. 

From Stewart's findings and the above estimates of radiation joses 
from fallout and natural background, and including assumptions stated at the 
beginning of this article, it follows that: 

1. Present levels of radioactive fallout are producing an ap>roximate 

1% increase in the death rate from cancer in the 0-10 year age group. 


2. The natural background radioactivity accounts for approxi nately 


5%, of all cancer deaths in the 0-10 year age group. 
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THRESHOLD PACIC RS 

Stewarc's findings have some general bearing on the question of the 
existence of a radiation threshold. The fect that a dose of aboui: 2 r 


delivered in 


— 


tero produces a comparatively large effect, namely «. 100% 
increase in the probability of developing a fatal cancer, means tlat the 
number of r required to produce a 1% increase in the cancer death race 
would be less than 2 r. 

A threshold, if ic exists, must necessarily lie below a doubling dose 
of about 2 r. There is no generally acceptable biological or physical 
argument to jiscify the ad hoc hypothesis that « threshold lies above 20 ur 
and below 2 r, therefore, it seems prudent for the present to concluiie thut 
mo radiation threshold above 20 mr for the fetus exists. A threshol: 
concept should wot now be a factor in the setting of permissible lev::is 


for the worid's population. 
DOSE-RATE EFFiCi'S 
One factor which under certain conditions diminishes the magnitude of 


radiation effucts is a lower dose-rate. The rediation received by the fetus 


from x-ray pei.vimetry is practically instantaneous, while the dosaze from 


fallout or natural background is delivered over a 9-month period. However, 


it is sometimes not eppreciated that the evidence cited to support the 
contention that radiation delivered at low dose rates is less carcincgenic 
than that delivered at high dose rates, is based on high total dos:s of 

~ 200 r or more. There is at present no direct evidence for or ag iinst the 
existence of a dose-rate effect for chronic effccts such as cancer or 


life-shortening in the region of doses of the orde~ of a few r or es3 (12). 
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Experimental evidence with regard to life-shortening (13) and certain 
genetic effects (14) indicate that dose-rate effects which are considerable 
for large doses and cowperatively high dose rates, tend to disappear with 
decreases ir i.c :h dese and dose-rate. 

Another :2:tor which could influence the magnitude of the risk is 
the :selationshi» between the radiosensitivity of the fetus relativ: to 
time after conc :ption. The data of x-ray pelvimetry are derived from humsn 
fetuses irradia:ed in the iast trimester. However, the somatic irradiaticn 
produced by fal cut and natural beckground begins at conception. it is 
universally ass-med that the fetus is most radiosensitive in the first 
trimester and, .ndeed, the entire uterin: period is assumed to be nore 


vulnerable to ridiation injury than the postnatal period (9, chapt2r Vv; 


15, 16,17). 


CONSEQUENCES (? FETAL IRRADIATION 

Specific 2:amples of the possible consequences of irradiation to ¢ 
fetus from falleut and natural background are of interest. Accord nag to 
available vitel statistics (18), about 7000 children in the 0-10 yar age 
group now die from all types of cancer per year in the U. S. A., o! which 
leukemias coneti tute about one-half. From the estimates preseated in this 


paper it follow: that of these 30CO childhood cancer deaths sougnhl:' 3% could 


be ceused by fallout radiation (1% of 3,000) and 150 by natural ba::kground 


radiation (54 »f 3,000). it also means that ionizing radiation itrelf is 
probably not a major cause of leukemia and cancer in childhood -- :. 


conclusion cited by Stewart et al. (1) and Burnet (19). 
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Ii. is interesting to note, however, that diagnostic medical radiation 












from x-ray pelvimetry may be an appreciable factor in childhood cancer 





deaths in many countries. At the present time, for example, an estimated 





11% of U. S. children are subjected to irradiation in uterc from diagnostic 





x-ray pelvimetry (7, p. 14). Consequently of the 3,000 cancer deaths 


annually in the U. S. A. in the 0-10 year age group, about 400 can be 





attributed to x-ray pelvimetry.* While some radiologists claim that the 


frequency of x-ray pelvimetry examinations is being reduced (e.g., 20) 








“rhe estimated number of childhood cancer deaths from x-ray pelvimetry is 


arrived at as follows: In any one year there are about 4,C00,000 births in 


the U.S.A. Of these, 4,000,000 x 0.11 = 440,000 have been irradiated in uten 

















from x-ray pelvimetry. The normal death rate from childhood cancer is ten 
per hundred thousand per year which means that of these 440,000 children 4ho 
would cie within the next ten years. However, because the fetal irradiation 
doubles the normal death rate, the total deaths resulting from a single year 
of x-ray pelvimetry would be 44O x 2 = 880 in tem years, i.e., 440 additional 
deaths or 44 per year. Since a new group of children are irradiated each 
year, there would be a "piling up" of childhood annie deaths from x-ray 


pelvimetry. X-ray pelvimetries have been a relatively comon practice for 





many years -- and still is as far as is known. At equilibrium, the average 





number of excess deaths in a population of 4,400,000 fetally irradiated 





children in the 0-10 year age group, would be i0 x 4h = 440 per year. An 


approximate correction for the fact that the normal death rate includes 





children irradiated in utero reduces the latter figure to 400 per year. The 


approximate nature of this estimate does not warrant further corrections. 
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such assertions have noc substance until such time as supporting evidence is 
produced. Information on the frequency of any diagnostic x-ray examination 
must be based on surveys of large numbers of individuals and hospitals 

over a wide area as was reported in (7). 

We can extend the numerical estimates of cancer deaths produced by 
fallout and natural background to the children in the world's population 
by using a multiplication factor of only ten which takes into account the 
smaller fallout levels in the southern hemisphere. Consequently, radioactive 
fallout could cause, teking the U. S. A. rate as a rough measure, at least 
300 additiona\ deaths annually in children in the 0-10 year age group while 
natural background radioactivity could account for 1500 deaths anaually. 

The contxibution to cancer deaths from fallout and natural background 
could be greater in certain areas. For example, in the areas near atowic 
testing sites, radiation dosage from local or nearby fallout can rach 
relatively high levels (21). Baver (22) has estimated that up to the sumer 
of 1957 some 10,000 persons in southern Utah have been subjected to fallout 
from the Nevada test site equaling a full-body gamma-ray dose of a>out 3- r. 
He further estimates that the average full body dose received by the million 
people nearest the atomic test site for the first six years of tes:ing was 
0.1-0.2 r. Among a heterogeneous population, about 2% are pregnant at any 
one time. It is, however, practically impossible to link present levels of 
fallout radiation directly to an increase in childhood cancer deaths in this 
population since in the 0-10 year age group the cancer death rate is normally 


about 1 per 10,000 per year. 


42165 O—59—vol. 2——_46 
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There are several other important inferences which can be drewn from 
Stewart's findings: 

They provide a more sensitive population - probably the best - to 
which attention must be directed for evaluating rediation effects on whole 
populations by a consideration of the carcinogenic effects on the fetus. 
The writer and 2. E. Lapp have already pointed out that the setting of 
permissible levels for global populations should be based on the 
rediosensitivity of the most vulnerable age, health, or genetic group as 
long as they contribute an appreciable fraction of the total population (23), 


Also to be considered is the evaluation of the effects of mozentary 


high exposure as a result of accidents such as in the release of 7241 in 


the Windscale reactor accident. In addition to averaging out the temporary 
high exposure; over the whole lifetime for the antire population, it would 
be desirable co evaluate separately the potential effects from the total 
number of children who received a given dose in utero. 

In medicine, the effect of administration of radioisotopes for 
diagnostic purposes to pregnant women should be re-evaluated in terms of 
fetal dosage, keeping in mind that as little as 20 mr may produce an increase 
of 1% in the probability of childhood death from cancer. 

The design of experiments for ascertaining the effects from irradiaticn 
of both very iow dosages and low dose-rates could very well focus on a 
program such as one involving momentary radiation to the embryo corresponding 
to the last trimester of the human gestation period. Such an approach, at 
least for exploratory purposes, would involve far smaller animal populations 


than one in which relatively mature animals ere irradiated. 
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BONE TUMOR INTEGRATED DEATH RATES 


Harry Auerbach 


The death rates available from Vital Statistics Offices are generally 
the crude death rate and the age and sex specific death rates. A specific 
disease crude death rate such as the male bone tumor death rate for the 
United States, 1950, would be recorded as 1.73 per 100,000 population. This 
is derived by dividing the total number of male bone tumor deaths in 1950 
(1295) by the mid-year estimate of total male population (74,855,000), and 
means that for every 100,000 males alive during the year an average of 
1.73 bone tumor deaths occurred. Age specific death rates are based on 
the number of deaths that occur in a specific age group of the population. 

In 1950 the U.S. male bone tumor death rate for age 35-44 was 0.77 per 
100,000 and for age 65-74 was 8.19 per 100,000. The crude death rate is 
based on all deaths in the total population and because the age specific 
death rates increase with age, the crude death rate can increase, without 
any change in the age specific death rates, by an increase in the proportion 
of older people in the population. This may be falsely interpreted as a real 
increase in the incidence of bone tumors. 


In studying bone tumor deaths among populations working with or 
subjected to environments of radium or Sr”, a decision as to an increase 
in the number must be based on the number of tumor deaths normally ex- 
pected in an unexposed population. The computation of this number is 
based on use of life tables for the population and on age specific bone tumor 
death rates for the population. Table 44 shows the calculation of bone tumor 
deaths to be expected in following 100,000 females from age 15 to the death 
of the entire group. This shows that of 100,000 fifteen-year-old females, a 
total of 117 would eventually die of bone tumors. This can also be used to 
show that if 100,000 fifteen-year-old females are followed for thirty years 
to age 45, 5160 would die of all causes and 15 would die of bone tumors. 


Table 45 shows the total deaths and bone tumor deaths to be expected 
in populations of 100,000 males and females observed for 30 years. 


The implication of these integrated death rates is that unless large 
populations are observed for bone tumors, manyfold increases in bone 
tumor death rates due to environmental or other factors may go undetected. 
By constructing series of these integrated bone tumor death rates, it can be 
estimated that of the 170,000,000 people now alive in the United States ap- 
proximately 200,000 will die of bone tumors. Similar integrated death rates 
can be derived for any cause of death or different populations. 
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TABLE 44 


Bone tumor deaths in female populations * 
aye 
| Population | Man years Death rate Bone tumor | Cumulative 
Age group | at start at risk per 100,000 deaths in bone tumor 
of period | in period man years period deaths 








*Based on U.S. life tables 1949-1951 and U.S. 1949-1951 Female Bone 
Tumor Death Rates. 


TABLE 45 


Total deaths and bone tumor deaths in populations 
of 100,000 followed for 30 years* 


Age at Females 


beginning of 


F f Total Bone tumor Total Bone tumor 
observation period 


deaths deaths deaths deaths 


*Based on U.S. 1949-1951 life tables and U.S. 1949-1951 
Bone Tumor Death Rates. 
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Reprinted from the BritisH MEDICAL JOURNAL 
June 28, 1958, vol. i, pp. 1495-1508 


A SURVEY OF 
CHILDHOOD MALIGNANCIES 


BY 


ALICE STEWART, M.D., F.R.C.P. 
JOSEFINE WEBB,* M.B. 


AND 
DAVID HEWITT, M.A. 


From the Department of Social Medicine, Oxford University 


SECTION I. BACKGROUND TO THE SURVEY 


The present survey is based on an earlier study of the 
vital statistics relating to leukaemia (Hewitt, 1955). This 
had revealed an unusual peak of mortality in the third 
and fourth years of life which indicated that the sub- 
sequent survey should, in the first instance, be restricted 
to children. The earlier investigation had also led to 


the suggestion that it might be particularly worth while 
to study modern innovations, such as radiology. 


Method 


An attempt was made to trace all children in England 
and Wales who had died of leukaemia or cancer before 
their tenth birthday during the years 1953 to 1955 (case 
group) and to compare their pre-natal and post-natal 
experiences with those of healthy children (control 
group). Details of control selection and method of 
recording data are given later, but the basic idea was to 
obtain the necessary facts from the mothers by sending 
a specially appointed “ survey doctor ” to interview, first, 
the mother of a dead child, and, secondly, the mother 
of a live child matched for age, sex, and locality but 
otherwise picked at random from the local birth register. 

Available Cases.—The total number of deaths in the 
category required was 1,694, of which 792 were ascribed 
to leukaemia and 902 to other cancers (Registrar- 
General, 1954-6). By May, 1957, the mothers of 1,416 
of these children had been interviewed (677 leukaemia 


*In receipt of a grant from the Medical Research Council. 
420/58 
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and 739 other cancers). The lost cases represented 
16.4% of the total, and included 6.8% who belonged to 
families that had moved abroad or to an unknown 
address and 3.1% where the interview could not be 
arranged in time. The remainder represented refusals to 
co-operate, 4.5% by parents and 2.0% by doctors. 

Appointment of Survey Doctors—\t was a basic 
principle of the survey that the same doctor should inter- 
view both mothers of a given case/control pair, but that 
pairs in different local authority areas might be seen by 
different doctors. The 90 pairs belonging to the London 
County Council area were seen by one of us (J. W.) 
and the remaining 1,326 pairs by “survey doctors” 
appointed by the principal medical officer of health to 
the areas. All local authorities co-operated, so that 
all parts of the country are represented in the survey. 
To ensure uniformity in the recording of data and the 
selection of controls one of us (A.S.) visited each one 
of the health departments to give detailed instructions 
about field-work procedures. 


Collecting of Data 


Each survey doctor was given a list of the cases in his 
area. If the mothers or foster-mothers were still living 
in the area he was to see them and the corresponding 
control-mothers : if a mother had left the area he was to 
find and interview a control, but return the case papers 
to Oxford. These were eventually sent on to the new 
area, but in this way a central record was kept of all 
“transfers.” No case/control pairs seen by different 
doctors have been included in the analyses making direct 
comparison between cases and controls, but they may 
feature in other analyses—for example, incidence of 
mongolism. Since the records obtained from foster- 
mothers contained no information about the pre-natal 
environment they too have been excluded from the case/ 
control comparisons. 


The questionaries for recording the interviews were 
the same for cases and controls, and were distributed in 
pairs bearing the same serial number and a so-called 
final date. This was the date of death of the case, and 
was a reminder that the medical history of the control 
child should cease at the so-called onset date—that is, 
the date when the corresponding child fell ill. The first 
half of the questionary described the children’s medical 
experiences before the onset date—that is, illnesses, x-ray 
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exposures and antibiotics—their feeding habits, and 
their exposures to non-medical ionizing radiations (tele- 
vision, luminous toys, and pedoscopes) during this period, 
The second half described the mother and other relatives. 
The mother’s illness and x-ray histories ceased at the date 
of birth of the survey child, but the family histories con- 
tinued to the date of the interview (this allowed the total 
number of children in the family, and the number of 
relatives dying from cancer, to be the number up to the 
time of the interview). The mother’s illness and x-ray 
histories were recorded separately for three periods of 
her life: (1) the first period, before marriage ; (2) the 
middle period, between marriage and the relevant con- 
ception ; and (3) the final period, during the relevant 
pregnancy. If the child was illegitimate the first period 
extended to the relevant conception. 


Control Selection 


It was clear that some “ matching” of the live and 
dead children was needed, but it was decided to restrict 
this to three features of cancer deaths which it was not 
intended to study—namely age, sex, and locality. The 
distribution of the dead children in respect of these three 
influences could be readily obtained from official mor- 
tality statistics, but as yet nothing was known about, for 
example, their parity or social class distribution. 

Accompanying the papers for each case/control pair 
was a so-called control selection list. On this was 
entered the name of the dead child, its sex, when it 
was born, and the home address at the time of death. 
Space was provided for half a dozen names of mothers 
who, in the stated locality, gave birth to a child of the 
same sex in the same month or half-year. These names 
were to be obtained from official registers of births. 
When completed, the list might be passed to a health 
visitor with instruction to visit the houses in the order 
in which they were listed. If it proved impossible to 
arrange an interview with the first mother the reason was 
to be entered on the list and the second house visited. 
In this way a record was kept of all first and later 
choices, also the reasons for not obtaining the control of 
choice. 

Survey Objectives 

The survey doctors were told that the purpose of the 
survey was to compare the medical and social histories 
of the children before and after birth, and that the pro- 
moters were interested both in the nature of all “ previous ” 
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illnesses and in the investigations and treatments associated 
with them (the schedules had separate headings for 
diagnoses, antibiotics, and x-ray histories). 


Interviewing began in December, 1955, and by the 
following August 547 case/control records had been com- 
pleted and returned to Oxford. These formed the basis 
of a preliminary report, which showed that abdominal 
x-ray films in the relevant pregnancy—that is, direct foetal 
irradiation—had been reported in 85 cases and 45 controls 
(Stewart, Webb, Giles, and Hewitt, 1956). For records 
completed after this date the corresponding numbers were 
107 and 58. There is therefore nothing to indicate that 
awareness of an important finding has affected these 
records. 


Preliminary Findings.—The 1,416 case/control pairs com- 
pleted by May, 1957, included 89 transfers and 28 adop- 
tions. After removing these 117 pairs the remaining 1,299 
(on which most of the findings are based) included 619 
leukaemias and 680 other cancers. The controls were 
represented by 775 first choices and 524 later choices. Only 
60% of first choices may seem a low proportion, but the 
birth registers from which the names were taken had been 
compiled, on average, six or seven years before the survey 
began. With the use of a register which is revised annually 
the Survey of Sickness obtained 84% of their first choices 
(Logan and Brooke, 1957). A quarter of the children 
wanted as controls had definitely left the district and a 
further 5% (marked “no reply”) may have done so. Only 
6% of the mothers either refused to co-operate or were 
dead, and 3% were deliberately rejected because the child 
was dead or had always lived away from its mother. How- 
ever desirable it may be in theory to include such children 
in the sample, in practice the records would have been so 
defective that they would have been of very little use for 
case/control comparisons, 


Failure to obtain 100% of first choices has led to deficits 
in the control group of three types of children—namely, 
first-born children, migrants, and twins. 


First-born Children and Migrants.—The cases included 
510 first-born children and the controls 427. By national 
standards. the first figure is nearer expectation (approxi- 
mately 500) than the second, it is therefore reasonable to 
suppose that there is a genuine deficit on the control side 
and that it is related to the fact that one-child families tend 
to move house more often than larger families. Because 
of this deficiency we have, wherever indicated, done 
separate analyses of the first- and later-born children of 


primiparae and multiparae, and of migrant and static 
families. 


Twins.—The birth registers from which the controls were 
taken were, in effect, lists of maternities ; hence the con- 
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trol group should contain approximately half the normal 
proportion of twins. The actual number of control twins 
was 15 and the “expected” number in the region of 28. 
By this calculation the number of twins in the case group, 
33, is higher, but not significantly higher, than the expected 
number. Though numerically small, the twins are from 
the point of view of foetal irradiation important. For this 
reason they are considered separately in Section II. 

In spite of the larger number of first-born children in 
the case group there was no excess of small families. By 
the time of the survey most of these children had acquired 
younger brothers and sisters, and the average family size 
was the same in both groups (see Section VJ). 


Demographic Characteristics 

The following information about the age, sex, and locality 
distribution of the cases is based not on the survey findings 
but on death certificate data. 

Age and Sex.—The death rates were higher for males 
than for females and for children under 5 than for children 
aged 5 to 10. In the leukaemia series the early peak 
of mortality was shown by a higher death rate for children 
between 2 and 4 years of age than for younger or older 
children, 

Locality—Only two regions—Surrey and Manchester— 
had a suggestive excess of leukaemia deaths, but in general 
these and the other cancer deaths showed a remarkably 
even geographical distribution. Classification by size of 
town revealed greater contrasts, but the highest death rates 
were in medium-sized towns, not in the largest (see Table I). 


TABLE I.—Comparative Mortality Ratios for Age Group 0-14 in 
Five Density Aggregates, 1953-5 (England and Wales=100) 


Conurbations = “ - i 

Towns with over 100,000 inhabitants .. 
- 50,000 to 100,000 inhabitants 
és under 50,000 inhabitants .. 

Rural areas ; iF oh % 


x 9 
Satue ot? .: 


Birth-rank Distribution—Since the control group was 
deficient in first-born children the birth-rank distribution 
of the cases has been compared with national figures for 
the years which corresponded to the births of these child- 
ren—that is, 1943-55 (Registrar-General, 1945-56). Accord- 
ing to these statistics, the birth-rank distribution of child- 
hood cancers, other than leukaemia, is typical of the popula- 
tion at large, but among leukaemic children there appears 
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graphs. 


oO 


DEATHS PER MILLION PER ANNUM 
w 
oO 

° 


to be a 10% excess of first-born children. Division of these 
children into two groups—(l) lymphatic and blast-cell 
leukaemias, and (2) other leukaemias—revealed further 
peculiarities (see Chart). Thus, between the ages of 2 
and 4 years the distribution of lymphatic and blast-cell 
leukaemias indicates a 70% higher risk for first-born child- 
ren than for other children. Whether this risk is related 
to the antenatal or post-natal peculiarities of first-born 
children we do not know. It is, however, deaths in this 
Narrow age group which are largely responsible for the 
remarkable post-war increase in childhood deaths from 
leukaemia both in this country and in the U.S.A. (Hewitt, 
1955). ~Our own data on post-natal x-ray exposures (see 
Section IV) also suggest that some of the children who 
survive to the age of 2, but are dead of leukaemia before 
the age of 4, belong to a separate aetiological group. 
Maternal Age.—The average age of the mothers at the 
date of birth of the survey children was 28.91 years for 
the leukaemia series and 28.43 for the other cancer series— 
that is to say, the group which contained the higher pro- 
portion of primiparae was, on average, 25 weeks older 
than the other group. Further examination of the maternal 
ages showed that this greater average age was determined by 
a small group of mothers who were over the age of 40 when 
the leukaemic child was born. These mothers represented 
6.9% of the leukaemic series and only 3.5% of the other 
cancer series. To avoid confusion with the high incidence 
of mongolism in the leukaemia series (see Section IV) the 
mothers of mongols were excluded from the next analysis 
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and primiparae were separated from multiparae. In the 
latter group (which contained the bulk of the women over 
40) the average age was 52 weeks higher for the leukaemia 
than for the other cancer series, a difference which is 
statistically significant (P<0.01). Assuming that age of the 
mother has not affected the prevalence of other childhood 
cancers, this suggests that the risk of dying of leukaemia 
before the age of 10 years is twice as great as usual if the 
mother is over 40 years of age at the date of birth (this 
estimate is in no way dependent on the slightly higher 
incidence of obstetric x-ray examinations in elderly women). 
The independent findings, first, of a large number of mon- 
gols in the leukaemia series, and, secondly, of a relatively 
large number of “old” mothers in the leukaemia series 
suggest that childhood leukaemia and mongolism are influ- 
enced by a common factor, rather than that one disease 
predisposes to the other (see also Section IV). In a recent 
American survey the ages of the mothers in a smaller group 
of children with leukaemia and others cancers also show 
these contrasts (Manning and Carroll, 1957). 


Social-class Distribution —The basis of the social-class 
distribution was the father’s occupation. A statement of 
family income was also obtained for 87% of cases and 88% 
of controls. Since it is common knowledge that professional 
families move house more often than working-class families, 
the social and economic distributions have been calculated 
separately for children who moved house after they were 
born (migrant series) and children who did not (static series). 
On this basis there are virtually no social-class or economic 
distinctions as between cases and controls or between cases 
of leukaemia and cases of other cancer. (National mortality 
rates suggest that leukaemia deaths at later ages tend to 
have an upward social gradient, and other cancer deaths 
a slight downward gradient.) 


SECTION Il. MOTHERS’ X-RAY HISTORIES 


Although the mothers were questioned first about their 
children and only later about their own health, we shall 
deal first with the mothers’ x-ray histories and illnesses. 
These were recorded separately for (1) the first period, 
before marriage ; (2) the middle period, between marriage 
and the relevant conception; and (3) the final period, 
during the relevant pregnancy. Three categories of exposure 
were distinguished—therapeutic, occupational, and diagnos- 
tic. The first two need not detain us. Only 16 mothers (7 
cases, 9 controls) reported any radiotherapy and the treat- 
ments never coincided with the relevant pregnancy. A 
further 19 mothers (12 cases, 7 controls) may have been 
exposed to x rays in the course of their work, and for three 
—all mothers of cases—the work was continued during the 
final period. The occupations in question were: nurse in 
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radiotherapy department, nurse in a radiological depart- 
ment, and a metal-tester. 






Diagnostic X-ray Histories 

A summary of the mothers’ diagnostic x-ray histories is 
given in Table II. Figures are given for the three periods, 
separately and jointly, and for two main types of x-ray 
examination (abdominal and other). The figures are num- 
bers of mothers, not numbers of films or examinations— 
that is to say, no woman has been counted more than once 


TABLE II.—Number of Mothers Reporting X-ray Examination of 
Different Sites (Abdomen and Other) in Three Periods (see Text) 


: X-ray Examinations 
Period 






Abdominal | Other Any 
Before marriage .. si *44/26=1-69 | 335/275=1-22 361/296= 1-22 


Between marriage and 
relevant conception .. | 109/121=0-90 | 213/184=1-16 | 304/285=1-07 


178/93 =1-97 | 117/100=1-17 | 273/184=1-48 
296/215=1-38 | 531/456=1-16 | 692/593=1-17 





During relevant pregnancy 
















Any period 








The case/control] ratio of 1-91 for abdominal x-ray exposures during the 
relevant pregnancy (1) differs from the “‘ expected” ratio (1-00) at the level 
of P< 10-'; (2) differs from the contemporary ratio for other x-ray exposures 
(1-17) at the level P=~-0-011 and from the ratio for other x-ray exposures 
in any period (1-16) at the level P< 0-001; and (3) differs from the ratio for 
abdominal x-ray exposures in any period (1-38) at the level P=-0-012. 

* 44/26, etc., represent ratio of case mothers to control mothers. 


























in any cell of the Table (consequently the figures for “ any 
period” and “any x-ray exposure” are rather lower than 
the sum of the figures for separate periods and separate 
types of examination). The figures in italics give the ratios 
between the numbers of case mothers and the correspond- 
ing numbers of control mothers, 

It will be seen that 692 mothers of cases reported at least 
one diagnostic x-ray exposure compared with only 593 
mothers of controis, a case/control ratio of 1.17. Though 
this case excess is significant, it is not very large, and might 
perhaps be attributed to relative under-reporting of x-ray 
exposures on the control side. If, however, under-reporting 
by control mothers was the only reason for the case excess 
one would expect to find similar case/control ratios for each 
type of examination and for each period of life. In fact 
the ratio is higher for abdominal (1.38) than for other types 
of examination (1.16), and higher for all examinations 
during the relevant pregnancy (1.48) than during earlier 
periods (1.22 and 1.07). In particular, the ratio for abdom- 
inal x-ray examinations during the relevant pregnancy is 
outstandingly high (1.91). The chance probability of obtain- 
ing so high a ratio is less than one in ten million. More- 
over, as the footnote to Table II shows, this ratio is signifi- 
cantly higher than the ratio for x-ray examinations of other 
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sites in this period, and than the ratio for abdominal x-ray 
examinations as a whole. Hence there is prima facie 
evidence that abdominal x-ray examinations during preg- 
nancy—the only type of examination involving direct 
exposure of the foetus—can contribute to the aetiology of 
malignant disease in children. 


Most of the remainder of this section is devoted to further 
analysis of the apparent association between foetal irradia- 
tion and malignant disease in childhood, but it is necessary 
first to say something about the figures for the other 
maternal x-ray histories. 


One group of maternal x-ray histories—those relating to 
x-ray exposures of the abdomen during the middle period— 
shows a small excess on the control side. This was at first 
thought to be due to the fact that on the control side there 
were more previous children, and hence more occasions for 
obstetric x-ray exposures in the middle period. However, 
when the obstetric x-ray examinations were separated from 
the other abdominal x-ray examinations belonging to this 
period and related to the number of pregnancies at risk (see 
Table III) there was still a slight excess on the control side. 
This strengthens the view that the control mothers were as 
efficient as the mothers of cases in recalling their abdominal 
x-ray examinations. 


TABLE III.—Comparison Between Cases and Controls in Respect 
of Obstetric X-ray Examinations in the Middle Period (i.e., 
Between Marriage and the Relevant Conception) 


Cases | Controls 


Total No. of previous pregnancies .. tt es 1,623 1,742 


No. of women reporting obstetric (abdominal) x-ray 
examinations between marriage and relevant | | 
conception: 

(a) Actual - ee KA _ - 79 96 
(6) Expected ks “a 84-41 | 90-59 


In the pre-marriage period there was a case excess for 
abdominal x-ray exposures which has to be accepted as 
technically significant (P<0.05). The possibility has there- 
fore to be considered that damage to the maternal gonads 
may increase the risk of childhood malignancy. But even 
if this is the correct explanation such damage is of minor 
interest, for, as judged by the numbers involved, its impor- 
tance can only be one-quarter of that of direct foetal 
irradiation. 

Unlike the case excess for abdominal x-ray examinations, 
that for other x-ray examinations showed no tendency to 
concentrate in the period of the relevant pregnancy. This 
seems to dispose of the notion that scatter from x-ray 
exposure of sites other than the abdomen had been harm- 
ful to the cases. The meaning of the steady case excess in 
all periods is not clear. To be on the safe side we will 
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assume (see Table VII) that it is an average measure of the 
relative under-reporting of x-ray exposure by control 
mothers compared with the case mothers. However, even 
this group is not completely homogeneous as regards case/ 
control comparisons. On further breakdown it was found 
that mothers reporting chest x-ray examinations were in 
substantial excess on the case side (ratio of 1.20), but that 
the numbers reporting skull or limb exposures were virtually 
identical (133 and 132). 


The first step in pursuing the association between foetal 
irradiation and.malignant diseases was to check all reports 
of abdominal x-ray examinations during the relevant preg- 
nancy against hospital records. This revealed a few inaccura- 
cies. Five mothers of cases and five of controls were found 
to have reported an examination which in fact had been 
performed during a different pregnancy. In a further 14 
instances (9 cases and 5 controls) no hospital record of the 
alleged examination could be found. The figures shown in 
Table II do not include any of these faulty records (the 
effect of removing them was to alter the case/control ratio 
from 1.86 to 1.91). 

Twins.—As already explained there are only 15 twins in 
the control group compared with an expected number of 
28 (see Section I). Since seven of these 15 children had 
been x-rayed in utero it is reasonable to suppose that with 
a full quota of twins there might have been six more control 
mothers reporting abdominal x-ray examinations in the final 
period. 


First-born Children.—Separate analysis of the maternal 
x-ray histories in groups defined by parity (Table IV) showed 
that the proportion of first-born children who were x-rayed 


TaBLe IV.—Histories of Direct Foetal Irradiation, Distinguishing 
Three Birth-rank Groups of Cases and Controls 





Position in Cases Controls 
Family of Child |\———-——————_} 
(Birth Rank) | No. | % | No. | % 


SS 


First ; a 16-7 8-4 1-99 
Second.. - 47/393 12:0 28/448 | 6:3 1:90 
Later 11-6 6:8 . 


——_—. ee 


All 


in utero. was approximately 2% higher than the proportion 
for other children. This slight difference is equivalent to 
about two “extra” records of direct foetal irradiation on 
the case side. 


Migration (see Table V).—Independent case/control com- 
parisons based on the “ migrant” and “static” series (see 
Section I) showed no significant differences between these 
two groups. 
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TaBLE V.—Frequency of Direct Foetal Irradiation of Cases 
Belonging to *‘ Migrant’’ and “ Static” Families and of 
Corresponding Controls 








Migrant Series Static Series 
Foetal irradiation ——_ | 
Cases Controls Cases Controls 
yew 5 3 ah + 57 23 121 70 
No i wd sla 325 | 3 796 847 
Teale" CE See! Seems 917. | +917 
a 15-205 14-610 
P < 0-001 < 0-001 


The last point to be considered is whether the high case/ 
control ratio for abdominal x-ray examinations in the rele- 
vant pregnancy could be due to the existence in the case 
group of a condition or conditions which only incidentally 
caused the child to be x-rayed in utero. In this connexion 
it is clearly appropriate to draw a distinction between x-rays 
taken for purely obstetric reasons and other abdominal 
x-rays which happened to coincide with the preg- 
nancy (see Table VI). According to this analysis over 
90% of the x-ray examinations were taken for obstetric 
reasons, other abdominal x-ray examinations representing 
9° of cases and 6% of controls. Inasmuch as these other 
abdominal x-ray examinations tended to take place earlier 
and to involve heavier exposures than the obstetric x rays, 
they might be expected to concentrate on the case side if 
there were a causal relationship between direct foetal 
irradiation and childhood malignancies. Hence the slight 


TaBLE VI.—Numbers of Mothers Reporting Obstetric and Other 
Abdominal X-ray Examinations During the Relevant Pregnancy 


Cases Controls 
ate Coley 0s Cees 8 
X-ray Examination No % No % 
Obstetric: 
Position .. se nts a 61 
Size (? twins) : te <a 53 
Routine pelvimetry és a 35 
Diagnosis of pregnancy .. ite 4 
Total .. 153 
Other abdominal: 
Barium meal 6 
Intravenous pyelogram ‘ as 3 
Injury a he de 4 
Other 4 a 2 
Total .. 1s | 
Total of all known indications 6a 168 


Indication for x-ray examination 
unknown .. en is os 10 
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excess of other abdominal x-ray exposures on the case side 
in no way disturbs this hypothesis.* 


We are now in a position to judge the effect of all the 
factors which might possibly have contributed a spurious 
element to the case/control ratio for abdominal x-ray 
examinations in the relevant pregnancy. To do this we have 
made three assumptions which are unfavourable to an 
explanation in terms of a causal link between foetal irradia- 
tion and childhood malignancies. These are: (1) that the 
excess of twins in the case group is wholly spurious; (2) 
that ill-health during pregnancy is of such overruling impor- 
tance that any associated x-ray exposure should be ignored ; 
and (3) that the case mothers were 16% more efficient than 
the control mothers in reporting x-ray exposures (on the 
grounds that the case/control ratio for other x-ray exami- 
nations was 1.16) (see Table II). These three assumptions 
have been worked into Table VII, which excludes all twins, 
TaBLeE VII.—Actual (and Expected) Numbers of Cases and Con- 


trols With and Without a History of Direct Foetal Irradiation. 
Revised Basis of Comparison (see Text) 


| | | 


Cases | Controls Total 


Irradiated .. os af 141 (118-44) 81 (103-56) 222 
Not irradiated .. .« | 1,125 (1,147-S6) | 1,204 (1,181-44) 2,328 


Total .. | 1,266 1,284 2,550 
| 











2%) with continuity correction is 9-644, equivalent to a normal deviate of 
3-10; P< 0-002. 

counts all abdominal x-ray examinations in the final period, 
other than purely obstetric x-ray examinations among the 
non-irradiated totals, and gives “ expected” numbers which 
are calculated not on the basis of equality but on an 
“expected” case/control ratio of 1.16 to 1.00. In spite 
of these drastic modifications there is still an excess of 
abdominal x-ray examinations on the case side which is so 
large that it would occur by chance in less than one of 500 
repeated trials: 


In the remainder of this section it is assumed that there 
is a causal relationship between irradiation in utero and 
childhood malignancies, and four aspects of the risk 
involved are considered: (1) its relationship to x-ray dose, 
(2) its relationship to the maturity of the foetus at the time 
ef exposure, (3) its relationship to the type of malignant 
disease, and (4) its absolute size. 


Dose-Response Relationship 
Court-Brown and Doll (1957) have studied the incidence 
of leukaemia and aplastic anaemia in adults given deep 


*Judging by the number of deaths among the children of case 
and control mothers, the older and the younger children of the 
case mothers were just as healthy as the older and younger 
children of the control mothérs, nor was there any difference in 
— rates for the case and control groups (see Section 
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x-ray therapy to the spine. Although they had only 37 
cases at their disposal they were able to demonstrate a 
strong relation between dose and risk of disease. The 
present series of children includes no fewer than 178 in 
whom malignant disease had been preceded by antenatal 
irradiation, and therefore appears to offer ample material 
for studying dosage effects. There is, however, an important 
difference which nullifies the advantage of larger numbers. 
Court-Brown and Doll had an almost “pure” series of 
radiation-leukaemias, since they gave evidence that over 
90% of them would not have occurred but for the preceding 
x-ray exposures. In the present series a high proportion of 
the cases x-rayed in utero developed the fatal disease for 
other reasons. The existence of these cases is bound to 
hinder recognition of a dose-response relationship. 


Attempts to collect data for the study of dosage effects 
met with great difficulties. Over 200 different hospitals had 
to be asked for records, many of which related to events 
of more than five years- previously. Radiologists supplied 
all the technical details available, but these were rarely 
sufficient to support a calculation of dose. Finally, we were 
reduced to using, as an extremely crude index of dose, the 
number of films believed to have been taken, though even 
this was often no more than a reasoned guess on the part 
of the radiologist and did not include films discarded by the 
radiographer. Table VIII shows a classification of the cases 


TaBLeE VIII.—Distribution of Cases and Controls Irradiated in 
Utero According to the Numbers of Abdominal Films 
Reported Taken During the Relevant Pregnancy 


No. of Films Cases Controls __Controts _| 
0 1,121 | eg 
1 37 
2 60 
3 : 23 
4 or more 32 
(Unknown auenbes) (26) 


Total: 1,299 


and controls on this basis. Except in the group with no 
films the numbers are small and therefore the sampling 
errors of the case-control ratios are large. The group repre- 
senting three films breaks the rising sequence of ratios, but 
at least the lowest and highest ratios (0.93 and 3.20) corre- 
spond to the lowest and highest number of films (nil and 
four or more films). A small group of mothers, not dis- 
tinguished in the table, who had five or more abdominal 
x-ray examinations during the relevant pregnancy, included 
15 cases and only 2 controls. Thus the figures are con- 
sistent with, though they do not establish, a relationship 
between increasing dose and increasing risk. 
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Timing Effects 


The precise date of exposure was ascertained in most 
cases, and on this basis each mother was classified accord- 
ing to the month of the first exposure (see Table IX). The 


TaBLE I[X.—Distribution of Cases and Controls Irradiated in 
Utero According to Month of Pregnancy 


Gestation Period in Months Cases | Controls Cee 


Ist to Sth 


Reet a) EGS is 15 9 1-67 
lS pti ik | ook eee 20 19 1-05 


9th *% a e Hes iy 55 30 1-83 
10th ‘ = . si . 


Total known 
Unknown 


A statistical comparison of the cases and controls in the five ‘“* known” 
categories above yields z*(,)=9-656, for which P< 0-05 
dated series did not include a single mother examined within 
28 days of conception, and only 20 mothers were certainly 
x-rayed in the first half of pregnancy. However, in this 
small group there were 18 cases and only 2 controls, which 
represents a much higher case/control ratio than the one 
for exposures in the second half of pregnancy (148 cases, 
83 controls). The variations in the second half of preg- 
nancy all lie within the accepted range of chance variation, 


Tissue Sensitivity 

Previous work suggests that, in adults, leukaemia is more 
likely to be produced by ionizing radiations than other 
malignant diseases (Court-Brown and Doll, 1957; Faber, 
1957). But our own data suggest that in a foetus there may 
be other tissues which are at least as sensitive to x rays as 
the reticulo-endothelial system (see Table X). In this table 


TABLE X.—Comparative Incidence of Direct Feetal Irradiation in 
Eight Diagnostic Groups 


Irradiated in utero 


Cases % Actual | Expected 
7 No. No. 





Diagnosis 





Lymphatic leukaemia. . £ a 292 1404 42 40-31 
Myeloblastic _,, oe 124 7-3 9 16-24 
Blast-cell and other leukaemias... 203 13-8 28 27-93 
Lymphosarcoma, other reticuloses .. 109 7:3 8 14-24 
Malignant tumours of C.N.S. of 212 12-7 27 28-75 
a i kidney . ‘4 120 15:8 19 16-68 
suprarenals 

(incl: ‘all neuroblastomas) . a 87 18-4 16 12-68 
Malignant tumours of other sites .. 152 19-1 29 21-16 


Total .. | 1,299 | 13 


— 
~ 
oo 


177-99 





Inan8 x 2 table the comparison of actual and expected numbers irradiated 
veda irradiated yields y*(»)=11-832, compared with 12-017 at the level 
P=0-10. 
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the cases have been divided into eight diagnostic groups, 
and the number of irradiated cases in each of these is com- 
pared with the number which would be expected if the 
x-ray exposures were evenly distributed among the cases. 
In calculating these expected numbers, we have standardized 
them in ten-yearly age groups, in order to allow for changes 
in x-ray habits during the years in which the survey children 
were born. On this basis the differences between the actual 
and expected numbers are of a magnitude which, under 
chance conditions, would be expected to occur in about 
one out of ten samples. The group labelled “ other sites ” 
had the highest percentage (19.1%). This included three 
retinoblastomas with three x-ray exposures, and 12 tera- 
tomas with seven x-ray exposures. We hesitate to draw any 
conclusion about the retinoblastomas, because in an inde- 
pendent series of 39 children who were said to have sur- 
vived surgical removal of a retinoblastoma we found there 
had been only seven pre-natal x-ray examinations, which 
is no more than average for all forms of cancer. However, 
the chance of obtaining as many as seven x-ray exposures 
in 12 cases is only one in a thousand, so it may be that the 
nests of embryonic tissue contained in teratomas are 
exceptionally radiosensitive. 


Delayed Effects of Foetal Irradiation 


The survey was deliberately restricted to children under 
10 years of age because it was thought that this was a con- 
venient limit to the time that mothers might be expected 
to recollect events. But by so doing we may have missed 
some of the consequences of direct foetal irradiation. If 
the effects of pre-natal irradiation are exhausted by the age 
of 10 years one would expect the case/control ratio for 
foetal irradiation to be higher for children who were under 
5 years of age at the onset date than for children who were 
5 or over. But, as Table XI shows, this ratio is 1.73 for the 
younger children and 2.50 for the older children. 


TaBLe XI.—Case/Control Ratio for Direct Foetai Irradiation. 
[quarter of Cases and Controls Defined by Age at the 
* Fin ate”’ 


| Cases Controls Ratio 


Deaths atagesOto4 .. > a 123 Yo So 
. ” 5 to 9 ee ee ee 55 22 2-50 


eee | See “ at 178 93 1-91 


Estimates of Risk 
The following estimates are based on the figures shown in 
Table II and necessarily represent a rough appraisal of the 
situation. In the case group 13.7% of the children were 
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x-rayed before birth and 86.3% were not. The corre- 
sponding percentages for control children were 7.2 and 92.8. 
On this showing children who have been x-rayed in utero 
(13.7 x 92.8) 


are (72x 86.3) 
nant disease before their tenth birthday as other children. 
Since at the present time about one in every 1,200 children 
in Britain die in this way, it follows that less than one in 
a thousand of the pre-natal x-ray examinations performed in 
recent years have led to death from malignant disease be- 
fore the age of 10 years. An alternative way of expressing 
this estimate is to say that abdominal x-ray examinations 
of pregnant women have in recent years been responsible 
for (13.7—7.2) % or between 6 and 7% of all deaths from 
malignant disease before the age of 10 years. 


times, or twice as likely to die of a malig- 


To sum up: there appears to be no doubt that there is a 
causal relationship between pre-natal exposure to x rays 
and the subsequent development of malignant disease, and 
there are indications that the risk is related both to the 
dose of x rays and to the date of exposure. There is noth- 
ing to suggest that irradiation in utero explains the early 
peak of leukaemia mortality (see Section IV for data on 
post-natal x-ray exposures) and it may even cause deaths 
from malignant disease after the age of 10 years. The 
rough estimates of risk which are given here apply only 
to one period of time and to the x-ray doses in use at that 
time. Evidently radiotherapy of pregnant women is an 
extremely rare event in this country, and contributed noth- 
ing to the cases we have considered. 


[ADDENDUM.—After this report had been written we re- 
ceived the results of an independent study (Paterson, 1958) 
which had been designed specifically to test the conclusion 
announced in our preliminary communication. This study 
concerned children who had died under the age of 10 im the 
State of Louisiana during the years 1951-5. Although con- 
ducted on a rather small scale it had one important advant- 
age over our own inquiry: all the information was obtained 
direct from professional sources, thus minimizing the risk 
from emotional bias or selective memory in the informants. 
The incidence of irradiation in utero discovered by Paterson 
was as follows: among 77 children who died of leukaemia, 
27.3% ; among 70 children who died of other cancers, 
28.6% ; and among 293 control children who died of other 
causes, 18.4%. These percentages are much higher than 
those found in England and Wales, but show two important 
resemblances: (1) the significantly higher incidence of foetal 
irradiation among children with malignant disease than 
among controls, and (2) similar figures obtained for children 
with leukaemia and those with other forms of malignant 
disease. Using Paterson’s figures in the same way as our 
own to derive an estimate of the relative risk of malignant 
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disease associated with irradiation in utero, we have 
27.9 81.6 


ha Wi = 1.72, which is in reasonable agreement with our 


own estimate.] 


SECTION III. MOTHERS’ ILLNESSES 


The mothers were asked whether they had ever had a 
serious illness or injury before the survey child was born. 
Although these events were actually recorded separately 
in the three periods (see Section II), only two periods are 
distinguished in the following analysis—namely, before and 
during the relevant pregnancy. Only information of a 
reasonably objective and definite type has been considered, 
and unless a common childhood infection—for example, 
measles—coincided with the relevant pregnancy it has been 
omitted from the following analyses. After omission of 
these items and such vague conditions as nervous break- 
downs, influenza, anaemia, and injuries other than fractures, 
approximately half the mothers were left with no diseases 
before the birth of the survey child. ‘lhe remaining records 
were classified according to the International Classification 
of Diseases (World Health Organization, 1949), and the 
results are shown in Table XII. 


TABLE XII.—/linesses of Mothers Arising Before and During the 
Relevant Pregnancy 


at Arising Before | _ Arising During 
International Classification | Relevant Pregnancy Relevant Pregnancy 


Main Category — reer 
Cases Controls | Cases | Controls 


. Infective 

. Neoplasms .. 

. Allergic, etc. 

. Nervous system 

. Circulatory .. 

. Respiratory .. 

- Digestive 

. Genito-urinary 

. Pregnancy 

. Skin .. ee — 
. Bones and muscles. . 

. Congenital .. Z 
. Accidents .. vad 


wWUBONNO=—=tv 
—~ ae 
ol cutoacdacouwn= 


Total No. of illnesses | 


+ yp ~|SC WOMEN 


Illnesses Originating Before the Relevant Pregnancy.—The 
total number of ilinesses in this category was 1,389 (cases 
692 and controls 697) and the number of mothers affected 
was 1,119 (cases 565 and controls 554). Unlike the series 
reported by Manning and Carroll (1957) there were no case/ 
control differences for allergic conditions (category III), but 
compared with this American series the incidence of these 
conditions was low. The only group of illnesses with a 
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substantial difference between cases and controls was cate- 
gory X (diseases of the genito-urinary system) with 62 
records for cases and 44 for controls. The difference was 
confined to disease of the renal tract as such (49 cases and 
30 controls), which represents a significant case excess (P 
approx. 0.04). 


Illnesses Arising During the Relevant Pregnancy.—The 
total number of illnesses recorded in this period was 271 
(162 cases, 109 controls) with 259 mothers affected (155 
cases, 104 controls). Further analysis of the records showed 
that this case excess, which is statistically significant, was 
restricted to two categories—namely, infective disease (13 
cases, 1 control) and direct complications of pregnancy (113 
cases, 77 controls). The latter group (see Table XIII) is 


TABLE XIII.—lIllnesses of Mothers Specifically Associated With 
the Relevant Pregnancy 


: Other 
Reb. | Leukaemia Cancers Total 


Illness ei 
Numbers 
Con- Con- Cases| CO®- 

|Cases trols |"5°| trots 


SS | CSO 





642 





Toxaemias of pregnancy .. 


640-641 | Infections of genito-urinary 
tract during pregnancy... 8 3 11 7 19 
648-0 | Threatened abortion 


Total 


ee Se LT 


_—_ * «ss SS — | ——————_ | —————_ | 





dominated by toxaemias of pregnancy (67 cases, 57 con- 
trols), but there were also 29 urinary infections (19 cases, 
10 controls) and 37 threatened abortions (27 cases, 10 con- 
trols). The difference between cases and controls is not 
significant for toxaemia of pregnancy, and the difference 
for urinary infections is complicated by the fact that six 
of the mothers on the case side had also had an abdominal 
x-ray examination during the relevant pregnancy (mostly 
intravenous pyelograms). This leaves threatened abortions 
and infective diseases as the only ones with a significant 


TABLE XIV.—Infections During the Relevant Pregnancy 
! 
Maternal Infection | No. of Cases Corresponding Children 


Rubella 


w 


Neuroblastoma at 12 months 


Congenital sarcoma of mediastinum 
Lymphoblastoma at 15 months 


Congenital sarcoma of the meninges 
Leukaemia at 5 years 


Mumps af i 2 { 
Healthy control 
Leukaemia at 7 years 
Leukaemia at 8 years 


Cerebral tumour at 6 years 


Leukaemia at 4 years 
Cerebral tumour at 6 years 


Herpes zoster ot 4 


Infective hepatitis .. | 2 
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and unambiguous excess on the case side. The infective 
disease group included 10 virus infections on the case side 
and one on the control side. These undated infections were 
associated with the childhood diseases shown in Table XIV. 


To summarize: there is nothing in the illness records to 
suggest that the case mothers were, before the relevant preg- 
nancy, less healthy than the control mothers. During the 
relevant pregnancy they appear to have suffered more from 
threatened abortions and virus infections than the control 
mothers, but the numbers involved are small. 


SECTION IV. CHILDREN’S X-RAY HISTORIES 


As already stated, the survey doctors had been told to 
record the illnesses of the children up to but not beyond 
the onset dates, these being defined as the dates on which 
the corresponding children first showed signs of the fatal 
disease. (In the following analyses the years before this 
date are referred to as the pre-onset period.) Since it was 
more likely that the mothers of the living children would 
mistakenly include events after this date than the mothers 
of dead children, we have in the following analyses discrim- 
inated carefully between accurately dated x-ray exposures 
and illnesses and those in which there was a margin of 
error. We will deal first with non-medical x-ray and then 
with medical x-ray exposures, but pedoscope exposures will 
be mentioned in both parts. 


Non-Medical X-ray Exposure.—Three non-medical sources 
of ionizing radiations were considered—television sets, lum- 
inous clocks or toys, and pedoscopes. Only one fact relat- 
ing to these (undated) exposures has been analysed—namely, 
whether the child was ever exposed during the pre-onset 
period. For each of the three sources there was a slight 
excess on the control side. In the case of television sets 
(278 cases and 301 controls) and luminous objects (328 cases 
and 333 controls) the differences were negligible, and even 
for pedoscopes (212 cases and 242 controls) they were not 
significant (P approximately 1 in 7). As, however, the 
exposures were undated, it is possible that the few extra 
cases in the control side represent exposures which occurred 
after the onset date. The possible effects of this type of 
mistake on the pedoscope records are considered again at 
the end of this section. 


Medical X-ray Exposure.—Records of diagnostic and 
therapeutic x-ray exposures were comparatively uncommon, 
but a slight excess was shown on the case side (see Table 
XV). The excess was confined to 11 children having radio- 
therapy (8 cases, 3 controls) and 167 children who had 
been radiographed on more than one occasion (90/77). For 
single radiographic examinations there was a slight defi- 
ciency of cases (88/100). 
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TasLe XV.—Numbers of Children With Post-natal Medical X-ray 
Exposure 
Leukaemia | Other Cancers Total 


Type of Exposure |————_—————" | —_—_———_ 
Cases |Controls | Cases Controls} Cases Controls 


Diagnostic: 
Once®* . | 43 | 42 45 58 88 100 
Morethan once| 47 38 43 39 90 77 

Therapeutic 1 


Total .. 


* Includes some children for whom the number of examinations was not 
aScertained. 


Tissue Sensitivity—When a child is x-rayed in utero it is 
safe to assume that the whole body has been exposed ; but 
after birth this rarely happens. It was therefore appro- 
priate to examine the records for an association between 
the parts of the body x-rayed after birth and subsequent 
developments. We have, however, searched the records in 
vain for any sign of this. 


Estimate of Dose.—No attempt was made to discover the 
number of films taken at each x-ray examination or to 
check the doses used in radiotherapy. The latter were all 
of the type to treat minor skin conditions, and no examples 
of deep x-ray treatments of the kind recently followed up 
by Simpson and Hempelmann (1957) were recorded. The 
11 children with histories of radiotherapy were all girls 
treated for naevi. The cases included five leukaemias, one 
glioma, one neuroblastoma, and one sarcoma of the um- 
bilicus (not the site exposed to x rays). At least eight of 
these children (possibly nine) were treated before their first 


birthday, and two (both cases) had already been x-rayed in 
utero. 


Time Relationship 


In view of the evidence already presented that a foetus 
may be specially radiosensitive, the post-natal x-ray ex- 
posures (diagnostic and therapeutic combined) were analysed 
by age at first exposure (see Table XVI) to discover whether 
there were any time relationships. Included in this table 
are 67 children (27 cases, 40 controls) who have been classi- 
fied as “age at first exposure unknown.” These children 
were definitely x-rayed before the onset date, but the possi- 
ble dates covered a period of more than 12 months. The 
remaining children included 128 where the month and year 
of the first x-ray exposure was known, and 171 where the 
date was given to within 12 months. In the latter group 
we have assumed that the actual date of exposure was mid- 
way between the two possible extremes and have placed the 
child accordingly, The last two columns of the table 
(where all cases and all controls are compared) show a sig- 
nificant excess on the case side of children exposed before 
their third birthdays. This excess is greater for the leuk- 
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TaBLe XVI.—Distribution of Children With Post-natal Medical 
X-ray Exposure According to Age at First X-ray Exposure 


‘ 
Age at Ist |_ Saahaerne | Other Malignant | Total 


Exposure | 


Cases | Controls| Cases | Controls| Cases | Controls 


42 
jr 


| 25 
25 
24 


+ 


0- 19 1 
l- D2 1 
2- | | | 1 
3- 1 
4- 
5- 
“ 
>. 
8- 
9- 


33 


107 
af | 


COWWDAOW UUW 


| 186 | 180 





aemic children than for the children with other cancers. 
For first exposures between fourth and tenth birthdays the 
balance is on the control side, but the absolute and relative 
difference is small and may well be due to chance. In 
the interpretation of these figures much depends on the 67 
children whose first exposures were inadequately dated. If 
the first exposure dates for these children were distributed 
in roughly the same way as in the dated series it would 
strengthen the impression of a genuine difference between 
early and later exposures, but if the distribution were mark- 
edly different it might have the opposite effect. 


No such reservations need apply to the figures in Table 
XVII. Here the children have been placed according to 
their age in years at the onset date, and only three children 
have had to be relegated to the “ age unknown” category. 
In three of the five age groups there were more cases than 
controls, and in two there were more controls than cases, 
but the most striking case/control difference relates to 
children who were aged between 2 and 3 years at the onset 
date (58 cases, 27 controls). 


TaBLe XVII.—Distribution of Children With Post-natal Medical 


. -ray Exposure According to Age of the Child at the Onset 
ate 


Leukaemia Other Malignant Total 
D ccenumennnenigeindiishennsesenjncenntininitinm, 


Total .. 


* The onset date is defined as either the date of onset of the fatal illness 
(case children) or the date when the corresponding case developed its fatal 
illness (control children). 
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A similar arrangement by age at the final date (which 
was usually within a few weeks or months of the onset date) 
also picked out children who died between the second and 
fourth birthdays (51 cases, 24 controls), and again the differ- 
cence was more marked for leukaemia than for other 
cancers. This is particularly interesting, since it is pre- 
cisely this age group which has borne the brunt of the 
recent increase in childhood leukaemia mortality both in 
this country and in the U.S.A. (Hewitt, 1955). 


Thus far the evidence in favour of a link between child- 
hood malignancies and post-natal x-ray exposure has de- 
pended on case/control comparisons of arguable validity. 
We have therefore attempted to assess the evidence by 
means of comparisons within the case and the control series, 
using the following argument. In a “normal” group of 
children, such as our own controls, the percentage who have 
ever been x-rayed should steadily increase with age, for 
each year adds to the number of children who are x-rayed 
for the first time. For the sake of simplicity we shall 
assume that the percentage of “first” x-ray exposures is 
normally the same in each of the first ten years of life. 
In order to test this assumption we have calculated for the 
control children the “expected” percentages of children 
ever x-rayed in each of the five age groups shown in Table 
XVII. In the first two columns of Table XVIII these ex- 
pected figures are shown in italics together with the actual 
percentages and numbers. It will be seen that the corre- 
spondence between the two sets of figures is not exact but 


TaBLe XVIII.—Distribution (by Age at Onset Date) of Children 
With Post-natal X-ray Exposure Compared With the Distri- 
bution Expected on the Basis of a Regular Increase with Age 
of the Percentage of Children Ever X-rayed Since Birth 

















Age of — Sar etl ea pietete tebe eae tee 
——— Actual Actual Actual Actual 
Date | Expected Expected | Expected Expected 

Ye rs ee ee eee pee. no emma 
wm | | se [xo | % | Ne % | No. 
o1 | 42| 7 | S8[ 20° | 4] 6 | 67 | 14 
| 55 | 1228 | 57 | 12-76 | 38 | 525 | 56 | 743 
i242? P1s@ bose 17-9 | 35 | 12-7 | 23 

2.3 | 106 | 4003 | 110 | 4-61 iia = 107 | 19°30 
19-7 | 57 | 15-2 | 44 16-1 | 2 14-4 |. 21 

5 oun auth | tein’ one eta ahiehinn Sietinetee 
45 | 177 | srs | isa | 33-16 isa 27-20 | 178 it 
25:9 | 49 18-0 | 34 18-3 | 17 17:7 | 17 

id 24-8 | 4-83 Fe 48-67 | 266 | 24-77 | 24-9 | 23-89 
32-2 | 2 33-3 | 29 31-1 | 14 35-7 | 15 

mS 31:9 | 27-71 | 33-1 | 28-80 | 34-2 | 15-41 | 32-0 | 13-44 
Total | 13:8 | 178 14-4 | 185 15-4 E * | 13-4 | 90 
13-8 | 178-00 | T44 | 185-00 | 15-4 | 95-00 | 13-4 | 90-01 

i clita aa aN a De 
xe) | 7-622 (196414 12-478 11-015 
Veer) >0-10 | < 0-001 < 0-02 | < 0-05 

| 
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lies well within the limits of chance fluctuation (P>0.1). 
It follows that the original assumption is a reasonable 
one. Now, if the post-natal x-ray exposure had not in- 
fluenced the risk of the children dying later of malignant 
diseases, the correspondence between the actual and ex- 
pected figures for the case series should be much the same 
as in the control series. But the discrepancies are much 
greater in the case series than in the control. Subdivision 
of the cases into leukaemias and other cancers shows that 
in the second age group of the leukaemia series (which in- 
cludes children who developed leukaemia between their 
second and fourth birthdays) the proportion of “ x-rayed 
children ” is actually higher than the proportion in the third 
age group, although for these children the period during 
which they had an opportunity to be x-rayed was half as 
long again. For children with other cancers the largest 
discrepancy is in the first age group, where the actual num- 
ber of children x-rayed (14) is nearly twice the expected 
number (7.43). 

In earlier parts of this paper (and again in Section IV) 
we discuss evidence which indicates that the decisive factor 
in some of the cases, particularly in the leukaemia series, 
dates back to a period well tefore birth. If this is so then 
there must be, in the newborn population, a number of 
children in what may be loosely called a “ pre-malignant 
state.” The present analysis of post-natal x-ray exposures 
suggests that if such children are x-rayed during infancy 
overt signs of the disease may appear relatively quickly. 

This inference can be drawn from the tables already 
given, but is perhaps better illustrated by the distribution 
of cases and controls according to the interval between 
the first post-natal x-ray exposure and the final date. For 
children x-rayed in the first three years of life this was : 


Interval, First Exposure to the Final Date | Cases | Controls 


Up to 11 months na — - 12 11 
12 to 47 oj rp ug 3 26 








Longer intervals 33 37 


This interpretation would also explain the deficiency on the 
case side of x-rayed children who developed the fatal dis- 
ease between their fourth and eighth birthdays (see Table 
XVII. For, if irradiation in infancy hastens overt signs 
of the disease, then there must be some “vulnerable” 
children who survive a comparatively long time partly be- 
cause they have not been x-rayed. If this is so, we would 
expect the percentage of x-rayed children in the older half 
of the case series to be below the level for healthy children. 


Pedoscopes 


We must now reconsider the records for shoe-shop x-ray 
exposures. The same rays are emitted from pedoscope 
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machines as from diagnostic x-ray sets. If, therefore, the 
medical x-ray examinations have had an effect, one would 
expect the pedoscope records to show the same signs. A 
possible reason for there being no such excess has already 
been mentioned—namely, inclusion on the control side of 
children whose first pedoscopic examination was later than 
the onset date. Another reason should now be apparent. 
The data on medical x-ray examinations suggest a risk only 
when the first exposure takes place before the third birth- 
day—that is to say, during a period when very few children 
will have had shoe-shop x-ray exposures. The relevant data 
cannot be analysed by age at first exposure, but if the cases 
with pedoscope exposures are examined in relation to the 
age at death some suggestive figures emerge. Only seven 
children dying before the age of 2 had been x-rayed in a 
shoe-shop, but six of them had leukaemia. The other 
pedoscope histories included 37 children who developed 
leukaemia between 2 and 4 years of age (18% of such 
cases), but only 17 (or 10°) of the children who developed 
other cancers between these ages. Thus there is no incon- 
sistency between the figures for medical and shoe-shop x- 
ray exposures. 


Comment 









To sum up: there are two reasons for thinking that x- 
ray films taken shortly after birth influence the distribution 
of childhood deaths from malignant disease. In the first 
place, there is a significant case excess for x-ray exposures 
during infancy. Secondly, children who died of leukaemia 
at the age of 2 and 3 years were concentrated within the 
group of cases exposed to x rays in infancy. The effect 
of post-natal x-ray exposure appears to be more marked 
in respect of leukaemia than other cancers and to be much 
weaker than the effect of pre-natal x-ray exposure. It 
may in fact be restricted to speeding the date of death in 
children who are already predisposed to leukaemia. 



















The lack of any association between the parts of the 
body exposed to x rays and subsequent developments may 
be related to the fact that in infancy the reticulo-endothelial 


system is so widespread that it is likely to be involved in 
any exposure. 


SECTION V. CHILDREN’S ILLNESSES AND 
THEIR TREATMENT 


In this section we consider : (1) congenital defects, (2) 
acquired diseases during the pre-onset period, and (3) two 
classes of drugs—sulphonamides and antibiotics. Again we 
discriminate between accurately dated illnesses and ones 
which might have happened after the onset date. 














FALLOUT FROM NUCLEAR WEAPONS TESTS 


Congenital Defects 


These were mentioned in 75 of the case and 46 of the 
control records, but only two conditions, mongolism and 
naevi, were more common among the cases. 

Mongols.—There were 17 mongols in the leukaemia 
series, one among the other malignant disease, and none 
in the control group, though one child placed first on a 
control selection list was said to be a mongol and to have 
been in an institution since infancy, and was for this reason 
not chosen (see Section I). Until two years ago only four 
cases of leukaemia associated with mongolism had been 
reported. Since then Krivit and Good (1956), Merrit and 
Harris (1956), Carter (1956), and Paterson (1958), have be- 
tween them reported 13 cases. With the present series this 
makes a total of 34 reported cases. Since the incidence of 
mongolism in the present leukaemia series (2.6%) is nearly 
20 times as high as the incidence of mongolism in 14,000 
consecutive births (Malpas, 1937), the association is evi- 
dently not a fortuitous one, We have already shown that 
excessive maternal age at the time of the child’s birth 
(which undoubtedly predisposes to mongolism) also pre- 
disposes to leukaemia (see Section I). It is therefore more 
likely that the two diseases are influenced by a common 
factor than that the antecedent condition, mongolism, pre- 
disposes to the later condition, leukaemia. If this is so 
then for some of the cases of leukaemia the decisive event 
must date back at least to the onset of the mongolism ; 
that is to say, at the latest to the second month of gestation. 
A number of facts relating to the mongols in the survey 
are shown in Table XIX. The mongol who developed a 
glioma had been x-rayed 71 days before birth, but none 
of the mongols who died of leukaemia had been irradiated 
in utero. Four mothers had had previous abortions, but 


TABLE XIX.—Features of the 18 Mongols Included in the Survey 


Cause of | Cell Type Birth Age of 


Death 


Cerebral glioma —_ 
Leukaemia Myeloid 

i Lymphatic 
a Myeloid 

a N/R 

9° | Lymphatic 
- Monocytic 
e a 
9 Myeloid 

- Lymphatic 
7 Aleukaemic 
o Lymphatic 
o° Monocytic 
* Lymphatic 


(Leukaemias) 
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* Age at birth of survey child. 
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there were no threatened abortions in the relevant preg- 
nancy and no previous stillbirths. One mother was married 
to a second cousin. 

Naevi.—These were reported 34 times on the case side 
and 21 times on the control side. As previously stated, 
eight of the cases and three of the controls were treated 
with x rays. The overall difference between cases and con- 
trols is not statistically significant, and might be due to 
under-reporting on the control side of a condition which is 
only cosmetically important. For girls there were 18 cases 
and 14 controls, and for boys 16 cases and 7 controls. 


The other congenital defects took various forms and 
were evenly distributed between the two series, with 25 
records on the case side and 25 on the control side. 


Other Diseases of Childhood 


It was clearly important to exclude all illnesses which 
happened after the onset date. This raised two problems: 
what to do with an illness which appeared to coincide with 
the onset of the fatal disease; and what to do with an 
inaccurately dated event which might or might not have 
preceded this date. An illustration of the first problem is 
provided by a case record which stated: “ Following 
measles the child was always ailing. The measles was com- 
plicated by pneumonia then...” In this case we should 
have placed the onset date immediately after the measles 
and excluded all subsequent events, even the so-called 
pneumonia. 

The second problem arose when an illness was not more 
precisely dated than the year in which it happened or the 
age, in years, of the child at the time. In such cases we 
have assumed that the event occurred midway between 
the limiting dates. It follows that an illness dated, say, 
“ 1953’ would have been counted in the pre-onset period 
if the onset date was July 1 or later, but not otherwise. 
Similarly an illness occurring “at 4 years of age” would 
be counted in the pre-onset period if the onset date was 
4 years and 6 months or over, but not otherwise. 

It follows that, though some illness must have been 
wrongly placed, the errors in placing are likely to have 
cancelled out, leaving an approximately correct total in 
the two series; where there was possible confusion be- 
tween a previous illness and an early but unrecognized 
manifestation of the fatal disease, the illness has not been 
included in the following analyses. 

In Table XX the illnesses allocated to the pre-onset period 
have been classified as recent if within two years of the 
onset date, and remote if two or more years before this 
date. Events which could not be placed in one or other 
of these subgroups have been relegated to a separate 
column and are not included in the total of dated illnesses. 
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The table deals with illnesses, not injuries, and is restricted 
to relatively acute episodes which could be more or less 
precisely dated. A number of chronic diseases, injuries, 
operations, and ill-defined conditions not included in the 
table are mentioned in the text. 


The first part of Table XX deals with the six infectious 
diseases which comprise nearly 80% of all dated illnesses 
and of all illnesses in the recent period. The exclusion of 


TABLE XX.—Childhood Illnesses in 1,299 Pairs of Survey (M) and 
Control (C) Children 


Iliness Illness More Additional 
Within 2 | than 2 Years bot Illnesses of 
Years of Before Tinesses Uncertain 

Onset Date; Onset Date 


Measles .. ~ | 235 | 236 
Chicken-pox hate 
Whooping-cough. . 

Mumps... is 

Rubella 

Scarlet fever 


Total 


Bronchitis. . is 
Bronchopneumonia 


Total 


Acute tonsillitis .. 
Acute otitis media 


Total 


Other infections .. 
Other illnesses 


Grandtotal .. 1,604 ; 1,526 | 202 


M=Survey children (all malignant diseases). C= Controls. 


cases of uncertain date has still left an excess on the 
control side, but this is slight and confined to three diseases 
—measles, chicken-pox, and whooping-cough. As this com- 
parison might have been affected by the deficit of first-born 
children in the control group, a rough standardization for 
birth rank was made. This had very little effect, particu- 
larly on the comparison between illnesses which happened 
within two years of the onset date, where the difference 
between cases and controls was mainly concentrated. Hence 
the popular idea that an infectious illness occasionally 
initiates a malignant process (or provokes a pre-malignant 
state) receives no support from the present survey. To 
argue the other way and say that the survey findings suggest 
an antagonism between exanthema and malignant diseases 
would also be wrong. Only in the recent period and for 
one disease (chicken-pox) was there a significant excess 
of controls, and for this disease there was a deficiency of 
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82 controls), and frequent colds (already mentioned), The 
even distribution of cases and controls for three of these 
four conditions does not suggest under-reporting on the 
control side ; it is therefore possible that the figures in the 
fourth section of Table XX and the figures for recurrent 
attacks of bronchitis indicate a genuine excess on the case 
side. 


Finally, some reference must be made to injuries and 
operations. A vast number of minor injuries, including 
bruises, were recorded, but only two types were regarded as 
important enough to merit analysis, and then only if they 
happened within two years of the onset date. In this period 
there were 44 fractures (26 cases, 18 controls) and 28 burns 
or scalds (16 cases, 12 controls). The case excess lay 
entirely within the leukaemia series, and for the two items 
combined these children produced 28 records, compared with 
14 for the children with other cancers. For recent opera- 
tions, other than tonsillectomy, the figures were 16 cases 
and 17 controls. 


In summary: Neither in their lifetime as a whole, nor in 
the two years immediately preceding the fatal illness, did 
the children with leukaemia and other cancers have an ex- 
cessive number of the common infectious diseases of child- 
hood. If anything they experienced less chicken-pox and 
fewer throat and ear infections than usual. On the other 
hand, the children with leukaemia had a noticeable heavy 
incidence of acute pulmonary diseases and severe injuries 
during the two years before they showed signs of the fatal 
disease. 


Sulphonamides and Antibiotics 


There were three reasons why the interviewing doctors 
were specifically asked to record treatments with sulphon- 
amides and antibiotics. In the first place, being new 
drugs, they might have contributed to the recent increase 
in leukaemia mortality. Secondly, intensive treatment 
with sulphonamides occasionally causes aplastic anaemia. 
Finally, it was thought that the mother would know, if not 
what exactly was given to the child, at least whether sulpha 
drugs or penicillin had been prescribed, and how these 
drugs had been administered. 

In the following analyses we have omitted all local appli- 
cations (drops, powders, and ointments) and made no dis- 
tinction between oral and parenteral administrations. The 
conventions which were used to decide whether the drugs 
were actually given in the pre-onset period were the same 
as for the illzesses but, as Table XXI shows, there was a 
higher proportion of undated drugs than illnesses. This is 
due to the fact that in some of the records it was impossible 
to say which of the dated illnesses had been treated in this 
way. The table reveals an even distribution of adequately 
dated treatments with sulphonamides, but the corresponding 
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control records in the remote period, which reduces the 
overall excess to a non-significant level. 


The second part of Table XX shows that acute pulmonary 
infections were relatively uncommon, but for every three 
cases with such infections there were only two controls. In 
the recent period there were nearly twice as many records 
of acute bronchitis or pneumonia on the case side, and in 
the leukaemia series (not distinguished in the table) the case/ 
control contrast was greater than in the other malignant 
series. Compared with all controls, the excess in the 
leukaemia series was highly significant (P<0.001) and indi- 
cates in this series an “‘ extra ” 24 cases of acute bronchitis or 
pneumonia in the two years before the onset date. If this 
is accepted as evidence of a causal relationship, then about 
4% of leukaemia cases might be ascribed to a recent acute 
pulmonary infection. The corresponding figure (less than 
2%) for other cancers was of borderline significance. Since 
there is no excess on the case side of acute pulmonary 
infections in the remote period, the recent infections are 
more likely to have accelerated overt signs of malignant 
diseases in vulnerable children than to have initiated the 
malignant process. 


These estimates all relate to single acute episodes. A 
much smaller number of children were said to have recurrent 
attacks of bronchitis (often associated with teething), and 
these were also in the ratio of approximately three cases to 
two controls. Such reports are necessarily suspect and 
difficult to date, so the excess is less certainly a genuine 
finding. Nevertheless for three infections of the respiratory 
tract, which were suspect in the same way, there was an 
excess on the control side: these were “frequent colds ” 
(242/295), “ recurrent sore throat’ (27/39), and “ sinusitis ” 
(10/21). 

Clear-cut acute attacks of tonsillitis and otitis media are 
shown in the third part of Table XX. The slight excess of 
tonsillitis on the case side is confined to the recent period, 
and the figures for otitis media are roughly equal on the two 
sides. Not mentioned in the table are 35 case children and 
29 controls who had their tonsils removed within two years 
of the onset date, also 10 cases and 19 controls with 
chronicaliy discharging ears. 


The fourth part of Table XX includes a number of ill- 
nesses which were either too rare or too vaguely described 
to be considered separately. In both periods there was a 
marked excess on the case side, but since the risk of “inflated 
reporting ” by bereaved mothers is probably at a maximum 
with minor or ill-defined conditions (which form the bulk 
of this section), we prefer to draw no conclusions from these 
figures. Trivial conditions not included in the table are 
“feeding difficulties” (254 cases, 198 controls), allergic 
conditions (28 cases, 25 controls), worm infections (89 cases, 








FALLOUT FROM NUCLEAR WEAPONS TESTS 


sidered here. There may, however, be an indirect relation- 
Ship between antibiotics and leukaemia. In recent years 
antibiotics have revolutionized the prognosis for acute 
pulmonary infections and have undoubtedly kept alive 
children who would otherwise have died. If these infections 
occasionally provoke a latent leukaemic process, then, by 
increasing the number of children who survive, antibiotics 
may indirectly increase the prevalence of leukaemia. 


SECTION VI. FEEDING HABITS AND HOME 
BACKGROUND OF THE SURVEY CHILD 


Concern is often expressed about the widespread use of 
new chemicals, particularly food preservatives and deter- 
gents, on the ground that these may be carcinogenic. In the 
present survey no attempt was made to collect information 
about exposure to specific chemicals, but the mothers were 
asked a number of questions about their own habits and 
what they allowed their children to eat and drink. 


Feeding Habits 


The survey doctors were told to ask whether the children 
had been given certain foods and drinks every day, less than 
daily but at least one a week, less often, or never. They 
were also asked to state when these foodstuffs were first 
given ; and what the mother thought the child had con- 
sumed in the way of coloured sweets. The completed records 
showed that a few control mothers had reported foods 
which were so unlikely to have been given during the pre- 
onset period—for example, fish and chips before the age of 
1—that the analysis has been restricted to case/control 
pairs for whom the age at the onset date was not less than 


an arbitrarily chosen “ qualifying age” for each foodstuff 
(see Table XXIII). 


TaBLe XXIII.—Feeding Habits. Percentage of Cases and Controls 
Who Had Ever Taken Certain Foodstuffs 


! 


lez of Child- 











ren Who | 
ing Tate 
Qualifying aken his) P 
Item Age | Item | x) | Approx 
Con-| 
— trols ' 
Dried milk | 3days |69-6|67-1| 1-718, 0-19 
Fruit juice . ; 1 month | 90-6 | 90-7} 0-002 0-96 
Tinned sieved vegetables. 4 months; 61-1 | 58-2 | 1-976 0-16 
Other tinned vegetables .. |} 55-1 | 60-6 6-797 0-009 
Highly coloured cakes .. | | 33-5 | 33-7 |< 0-001 >0 98 
Highly coloured fruit drinks| $12 és 47-4 | 52-6 | 5-729 | 0-017 
Coloured sweets * j |32-6|33-0! 0-018 0-90 
Shop-fried fish and chips “ty ; 43:2 | 43-9 | 0-066 | 0-79 
Total ! | 16- 306 [0-05 >P >0-08 





* For this item “* ever "= more than } Ib. (113 g.) per week. 
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TABLE XXI.—Treatment of Children’s Illnesses with Sulphon- 
amides and Antibiotics 


















































: Other 
Leukaemia 
| 619 Pairs) | (660 Pai (1,299 Pairs) y nd 
Treatments TE <a 
| 
| Cases | CO oe - | Cases | Con- | Cases — oa 
| | | 

Sulphonamides : 

Adequately dated | 94 | 96 | 84 | 61 | 178 | 157 | 1-13 
Not adequately dated | 30 | 18 | 26 | 34 | 56 | 52 | 1-08 

Total .. | 124 | 114 | 110 | 95 | 234 ED | 1-12 
ee — { ' 

Antibiotics : | | | ‘ 
Adequately dated .. | 109 83 95 77 204 160 | 1-28 
Not adequately dated | 36 | 36 | 29 | 41 | 65 | 77 | 0-84 

Total .. | 145 | 119 | 124 | 118 | 269 | 237 | 1-14 


TABLE XXII.—Sulphonamide and Antibiotic Treatments, Dis- 
tinguishing Children Who Had an Acute Pulmonary Infection 
Within Two Years of the Onset Date 








All Cases | All Controls | 
—_—_— |" Ratio® 
No % No % | 
Sulphonamide: | 
Children who had acute pul: | 
monary infection within 2 | | 
years of onset date | 22'77 | 28-57 10 41 | 24-39 | 1-17 
Remainder .. ; . | 156/1,222 | 12:77 | 147/1,258 | 11-69 | 1-09 
Antibiotics : | 
Children who had acute pul- | 
_ monary infection within 2 | 
years of onset date re 36/77 46-75 | 13/41 31-71 | 1-48 
Remainder .. ; .+ | 168/1,222 | 13-75 | 147/1,258 | 11-69 | 1-18 
{ | 


* Case: Control incidence ratio. 


figures for antibiotics show a small case excess. Since the 
high incidence of pulmonary infections on the case side was 
likely to have influenced these figures, Table XXII has been 
prepared in which the children who had such an illness in 
the two years before the onset date are shown separately. 
The effect of doing this is to reduce the case/control ratio 
for antibiotics from 1.28 (all treatments) to 1.18 (treatments 
other than those probably but not certainly related to a 
recent pulmonary infection). At this level it is within the 
conventional limits of chance fluctuation (P =approximately 
1 in 15). The relatively high case/control ratio for both 
types of drugs in this table probably reflects the fact (not 
yet mentioned) that in the case series these infections were 
usually more severe, as well as more numerous, than in the 
control series, and for this reason were more likely to receive 
antibiotics or sulphonamides. 

A record was also kept of treatments with ultraviolet light. 
These were reported for 50 cases and 40 controls. No con- 
clusions can be drawn from these small numbers. 

We conclude that there is no evidence for a direct relation- 
ship between childhood malignancies and the drugs con- 
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The figures shown in this table relate to children who 
had ever been given a food regardless of the reported 
frequency. In aggregate the case/control differences for the 
eight foodstuffs considered appear to be statistically signifi- 
cant (P<0.05), but only two foods—tinned vegetables and 
coloured drinks—showed a significant difference, and both 
were reported more often on the control than on the case 
side. For these two items the qualifying age may have been 
set too low, thus permitting some upward bias on the control 
side. If such bias exists the case/control ratios for other 
items may have been underestimated, but the reported per- 
centages are so nearly level that it is unlikely that any im- 
portant differences have been missed. 


The foodstuffs listed on Table XXIII were also considered 
from the point of view of “ dosage.” Three of them showed 
a case excess in the highest consumption category: 


Coloured Cakes——Daily consumption of these was 
reported for 45 cases and 16 controls, but when this and the 
next-highest “dose” were combined the figures became 125 
cases (11.3%) and 111 controls (10.0%). 


Coloured Sweets.—At an estimated level of 12 oz. (340 g.) 
or more sweets per week there appeared to be an excess of 
cases (7.0%) over controls (4.4%), but this was balanced 
by an excess on the control side of children who usually ate 
between 3 and 12 oz. (85 and 340 g.) per week. As already 
shown, there was no deficiency of cases in the lowest con- 
sumption group. 


Shop-fried Foods.—There was no difference in the 
proportion of cases and controls who had never had these 
foods, but consumption of fish and chips as often as once 
a week was reported by 191 cases and 140 controls. Once 
again the balance was made up by an excess of control 
children among those who occasionally had fish and chips. 


In short, for none of the eight foodstuffs considered was 
there either a significant excess in the percentage of case 
children who had ever consumed them, or a consistent 
association between the amount consumed and subsequent 
events. 


Other Factors 


Contraception—An attempt was made to discover 
whether there had been any attempt at family planning and 
if so what methods had been used. The proportion of com- 
pleted records for contraception (89%) was lower than for 
most items, but the numbers of case and control mothers 
who gave satisfactory answers were similar (1,158 and 1,143). 
Chemical contraceptives were used by 124 case mothers 
(10.7% of those giving full information) and 107 control 
mothers (9.4%). The small difference arose principally in 
the leukaemia series, but these mothers did not differ sig- 
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nificantly either from their own control pairs (P =approxi- 
mately 0.21) or from the mothers of other cases (P= 
approximately 0.37). 

Detergents.—The percentage of case mothers who stated 
that they used synthetic detergents was 61.3%—very similar 
to, but slightly below, the figure of 63.6% for mothers of 
controls. 

Smoking.—Under this heading interviewers were asked to 
place the mother and father in one of the following 
categories: heavy, moderate, or light smokers, and non- 
smokers (the instructions gave quantitative definitions for 
these four categories). The figures quoted here relate only 
to “smokers” (at least one cigarette or pipe a day) and 
“non-smokers.” The percentages of fathers and mothers 
in both series recorded as smokers were slightly higher than 
those recently reported for men and women of comparable 
age by Research Services Ltd. (Todd, 1957). For fathers of 
cases the proportion was 82.9% and for fathers of controls 
80.9%, and for mothers 47.8% and 43.8% respectively. 
These percentages indicate a significant (P=+0.04) excess 
among mothers of cases, but the difference is a small one 
(case/control ratio of 1.09), and we have not attempted to 
relate it to age, income, or number of children, as would 
be necessary before concluding that the mothers’ smoking 
habits had affected their children. One factor which might 
well produce a genuine but irrelevant difference between 
mothers of cases and controls was, of course, the bereave- 
ment itself. 


SECTION VII. FAMILY HISTORIES 


Sibs—The records gave a complete tally of all the 
mothers’ pregnancies up to the date of the interview, includ- 
ing those which ended with an abortion or stillbirth. As 
Table XXIV shows, there was no case/control difference in 
respect of stillbirths, but the case excess for abortions is at 
least suggestive, particularly as it is concentrated (like the 
case excess for threatened abortions during the “ relevant ” 
pregnancy) in the leukaemia series. The numbers of deaths 
among the liveborn sibs of the cases and controls were 132 
and 129 respectively. This implies a very similar total 


TABLE XXIV.—Miscarriages and Stillbirths (Up to the Date of the 
Survey Child’s Death) 









Mothers reporting abortions .. 

Total No. of abortions >. 
Mothers reporting ae jf 

Total No. of stillbirths. 4 
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mortality, since the numbers of liveborn sibs in the two 
series were almost equal (2,119 and 2,155) and the average 
number of years at risk was only slightly greater on the 
control side. Although most individual causes of death were 
equally common in the two series, deaths from malignant 
disease among the case sibs numbered eight as against only 
two for the controls. On the basis of the relatively high 
national mortality rates in 1953-5, and without allowing for 
reduction of the population at risk by other deaths, the ex- 
pected number of deaths from malignant disease among the 
sibs of the cases is 2.15. It follows that the total of eight 
malignant deaths on the case side is significantly higher than 
expectation (P=0.001) (see Table XXV). Even five cancer 


TABLE XXV.—Siblings of Cases With Death Attributed to 
Malignant Disease 








Index Case Sibling 





a . : Age at | , ‘ Age at 
| Sex | Diagnosis Death | Sex | Diagnosis | Death 
(Years) | (Years) 

122 | F | Lymphosarcoma..| 6 | M “Acute anaemia” | 1 
289 ey ‘ome lymphatic 1 | F Leukaemia s 
eukaemia | | 
290 | F | Acute reticular Re PR a ve | 0 
| leukaemia “i a lized | paki 
senerali ympho-| 
347 | M | Acute lymphatic | 5 | sarcoma 
| leukaemia | M | Retroperitoneal 2 
476 | F 5 | M "Braia t 4 
» o = “ Brain tumour ”’ 

1293 | F | Acute stem-cell 1 | F | “ Growth in 2 

leukaemia abdomen” 

1656 | M | Neuroblastoma .. | 1 | M | Lymphatic 4 

leukaemia 


| 
deaths—that is, after the exclusion of three cases which were 
not certainly cancers—namely, the “acute anaemia,” the 
“brain tumour,” and the “growth in abdomen ”—repre- 
sent a significant case excess (P<0.05). 

Parents.—One reason for not obtaining the first name on 
a control selection list was death of the mother ; therefore 
little meaning attaches to the excess of dead parents in the 
case series (20) as compared with the controls (5). Among 
nine dead parents in the leukaemia series two had died of 
leukaemia and one of lymphosarcoma. Among 11 dead 
parents in the other cancer series four had died of some 
form of malignant disease. One of the five deaths among 
parents of control children was attributed to leukacmia and 
two to other malignant diseases. 


Grandparents.—A total of 4,508 deaths of grandparents 
were reported. Judged by the proportions of deaths for 
which the cause was unknown or attributed to “ senility,” 
mothers gave better information about their own than about 
their husbands’ parents, but there was no difference between 
the standard of information supplied by case and control 
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mothers. Overall mortality was almost identical in the two 
series, the number of surviving grandparents being 2,936 in 
the case and 2,948 on the control side. Among 53 specified 
causes of death the largest proportional discrepancies 
between cases and controls were war injuries (60/95) and 
renal conditions (32/54), the excess in each case being on 
the control side. For malignant diseases as a whole there 
was a proportionally smaller but significant excess on the 
case side, the totals being 387 for cases and 316 for controls. 
This excess ran uniformly through the records (Table 
XXVI). The proportion of case children with an affected 
grandparent varied very little between the main diagnoses 


TABLE XXVI.—Reports of Malignant Disease in Grandparents of 
Cases and Controls 


| Cases | Controls| Ratio 
! _———— 


Grandparents of leukaemia series . . a ee 140 1-23 

ye of other malignant series .. 215 re te 
All paternal grandparents .. ag slg 186 hae ante 
All maternal ‘a6 ag ne <a 201 164 1-23 


in the case series. There was no detectable variation in the 
sex ratio of cases as between groups with an affected grand- 
parent on the paternal or maternal side, nor when these 
relatives were subdivided into father’s father, father’s 
mother, etc. One tabulation which did appear to show some 
variation was that of the reported site of the cancer in the 
grandparents. For example, lung cancers in grandparents 
showed no excess of cases over controls (52/55), but a rela- 
tively high case/control ratio was observed for breast and 
genital cancers (cases 58, controls 37). 

Uncles and Aunts.—The total number of uncles and aunts 
was much the same for cases and controls (9,578 for cases, 
9,425 for controls). Only deaths attributed to malignant 
disease were coded for these relatives, the numbers being: 
uncles and aunts of cases, 77; of controls, 55. The case/ 
control ratio of 1.20. is almost identical with that for grand- 
parents. In the case series there was no significant varia- 
tion between the diagnostic subgroups, but the cancers in 
the uncles and aunts seemed to parallel two features noted 
in the grandparents. Thus cancers of the respiratory system 
showed no case excess (8/13), while breast and genital 
cancers showed a relatively large case excess (18/8). 

Remoter Relatives——Rather more case mothers volun- 
teered statements about cancer in relatives beyond the 
second degree than control mothers, and this revealed one 
interesting cancer pedigree. This concerned a boy who died 
at the age of 6 from “cancer of the liver and bowel” and 
had five relatives on the father’s side who had also died of 
bowel cancer—the father himself, the grandfather, the great- 
grandfather, and two aunts. 
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Consanguinity—The number of cousin marriages in the 
case series was not large either in relation to the controls 
or in relation to the frequency in the general hospital popu- 
lation (Bell, 1940). Of the 10 consanguineous matings 
reported in the case series, only 5 (0.4%) were between first 
cousins. To these should be added one case (not fully 
followed up and not included in the 1,299 pairs) in which a 
father-daughter mating resulted in the birth of a girl who 
died at the age of 5 months from Letterer-Siwe’s disease. 


Discussion 

All scientific investigations are faced with the problem of 
eliminating unknown bias from test and control observa- 
tions. Where, as in the present case, the findings are based 
on human data and involve comparisons between facts which 
have been obtained by different observers from inexpert 
witnesses the main sources of such bias are: (1) unequal 
recording of events by different observers; (2) unequal 
reporting of events by the individuals chosen to represent 
case and control groups; and (3) faulty selection of cases 
and/or controls. 

The first source of error has been controlled by insisting 
on the same doctor seeing each member of a given case/ 
control pair. By so doing, errors due to lack of skill in 
interviewing and recording should be equally represented on 
the case and control sides. The same device might be ex- 
pected to control the second source of error; but here we 
were on less certain ground, and have therefore applied 
other tests of reliability. Thus for several items specified 
in the questionaries the proportions of completed records 
in the two samples have been calculated and found to be 
alike. To illustrate this point we have summarized the 
findings for six items in which a low response rate might, 
with some justification, have been expected (Table XXVID. 
By these criteria it would seem that the doctors were equally 
pertinacious when questioning the cases and controls, and 
the mothers were equally helpful when replying to the 
doctors’ questions. j 


TaBLeE XXVII.—Response of Case and Control Mothers to 
Certain Questions 


Response Rate (i.e., 
Percentage of 


Items Complete Answers) 

Cases Controls 
Family income . 88 
Contraception . Me con 89 
Dated illnesses (nde 87 
»» (antibiotics and sulpha drugs) (children) 71 
post-natal x-ray exposure 78 


Specific cause of death (grandparents) 
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Other safeguards include repeated demonstration that 
significant differences between cases and controls are not 
compatible with any general tendency on the part of control 
mothers to be unduly forgetful or uncooperative. For 
instance, the case excess for two maternal diseases 
which might have affected foetal development—virus 
infections, and threatened abortions in the relevant preg- 
nancy—were not accompanied by a case excess for other 
maternal illnesses, either during this period or previously. 
Again, the case excess for pulmonary diseases in childhood 
must be viewed against a background of almost equal num- 
bers of all childhood diseases in the two groups, and the 
case excess for x-ray exposure in infancy against almost 
equal numbers for post-natal x-ray exposure as a whole. 

The third source of bias—namely, faulty selection of cases 
and controls—has been dealt with in the following ways. 
The cases were drawn from the total number of cases for a 
three-year period, and those actually included in the survey 
represent such a high proportion of this total that, how- 
ever atypical the Jost cases may be, the consequences would 
remain numerically unimportant. The controls were drawn 
from the general population of surviving children, thus 
avoiding some of the confusion which might have resulted 
from using more accessible children—-for example, other 
hospital patients, children attending welfare clinics, or 
siblings of cases. The controls actually included in the 
survey have been shown to differ in two important respects 
(first-born children and twins) from the national population. 
But because the numbers in these classes can be calculated 
from official vital statistics, it has been possible to show that 
the deficiencies in the control group had a negligible effect 
on the main finding—namely, a large excess for direct foetal 
irradiation in the case series. We have also shown that this 
finding was not affected either by systematic checking of the 
mother’s statements against hospital records, or by the pub- 
lication of a preliminary report half-way through the 
survey. Finally, we already know that at least one inde- 
pendent observer has tested this main finding and used 
different methods to obtain virtually the same result. 


We are therefore confident that the finding in respect of 
direct foetal irradiation is not an artifact. Nor have we any 
reason to doubt that there are genuine case/control differ- 
ences in other respects—namely, maternal age at the time 
of conception, post-natal pulmonary infections, and x-ray 
exposure in infancy. All these factors appear to have a 
“ causal” association with childhood malignancies, but we 
do not suggest that any one of them is either a necessary or 
a sufficient cause of the malignant changes. The special 
risks associated with these events may perhaps be compared 
with the well-known risk of being a male child. Thus boys 
are known to run a higher risk than girls of developing 
cancers, but no one ever cites the Y-chromosome as a 
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“cause” of cancer. Nor do we claim that any of the 
associations are quantitatively important. The number of 
childhood malignancies which they might account for is 
small even in relation to the recent increase of these deaths 
reported during the last two decades—about 60% for 


children under 5 years (see McKenzie, Case, and Pearson, 
1957). 


Summary and Conclusions 


The pre-natal and post-natal experiences of a large 
group of children who recently died of malignant dis- 
eases have been compared, point by point, with the 
expe-iences of a similar group of live children. 

The frequency of three pre-natal events—namely, 
direct foetal irradiation, virus infections and threatened 


abortion—was significantly higher among the dead 
children than among the live children. 


One other pre-natal influence—namely, excessive 
maternal age—appears to increase the risk of leukaemia 
in childhood and to be related to the fact that this dis- 
ease and mongolism tend to occur together. 

The frequency of three post-natal events—namely, 
x-ray exposures in infancy, acute puimonary infections 


and severe injuries—was significantly higher for children 
who subsequently died of leukaemia than for other 
children. In the “ pre-antibiotic era” some of these 


children might have died before showing signs of the 
leukaemia. 


The health of the mothers and the home background 
of the children were not significantly different in the two 
groups, but there were minor points of difference in the 
family histories of cancer and leukaemia. 


Our final conclusions are that foetal irradiation does 
not account for the recent increase in childhood malig- 
nancies, but the finding of a case excess for this event 
does underline the need to use minimum doses for essen- 
tial medical x-ray examinations and treatments. 


A survey on the scale achieved could never have been contem- 
plated without the active co-operation of doctors and health 
visitors too numerous to mention by name. Principal medical 
officers of health of local authority areas assumed responsibility 
for the field work of the investigation and completed the whole of 
their arduous and self-imposed task in the short space of 18 
months. The interviews were done either by principal or by 
assistant medical officers of health, and health visitors did in- 
valuable .work in tracing cases and controls. We record with 
gratitude the high standard of the work in all regions. 





FALLOUT FROM NUCLEAR WEAPONS TESTS 


We are also indebted to the Lady Tata Memorial Trust, which 
defrayed all costs other than those borne by the Health Depart- 
ments and Oxford University; to the General Register Office, 
which provided essential data; to the Medical Research Council 
Working Party on Leukaemia, who gave us constant encour- 
agement and advice; and to the mothers of the dead children, 
who had the courage to reopen a painful topic and so often 


expressed the hope that by doing so they might be helping other 
children. 


Finally, we thank two members of our own staff: Miss Dawn 
Giles, who, while holding the Mary Goodger Research Scholar- 
ship, helped with the organization of the survey and the coding 
of records, and W. E. C. Brooksbank, who was responsible for 
the machine sorting of the data. 
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This is a rough (dictated) transletion of a paper which 
appeared in a Norwegian periodical, Teknisk Ukeblad, 
July 4, 1957. (Translation by 0. J. Kleppa, August 1, 
1957). 


THE DANGERS FROM FALLOUT OF RADIOACTIVE STRONTIUM AFTER 
ATOMIC BOMB EXPLOSIONS 


Eilif Dahl 
Research Fellow 
Eotanical Institute 


Norwegian Agricultural College 
Aas, Norway 


Abstract 

Recently there has been presented, particularly from 
American sources, a considerable amount of information 
for evaluation of the dangers from fallovt of radioactive 
strontium after atomic bomb explosions. Some of the 
conclusions which have been drawn rest on a questionable 
statistical foundation. Also, there is reason to believe 
that more radioactive strontium will be taken up in the 
human organism than was believed previously. If one 
takes these things into account, one arrives at the con- 
clusion that continued atomic bomb tests probably will 


endanger the health of considerable population groups. 


It is natural that many people are concerned about 
the possible dangers to humar health resulting from 
atomic bomb explosions, both those tests which hav? al- 
ready occurred and those which will take place in the 
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future. Therefore it is of the greatest importance to 
obtain observations which can be used to evaluate the 
danger. The material presented by the American scientist 
and member of the Atomic Energy Commission, Willard ¥ 


Livoy, at the meeting of the American Physical Soviet o7 


April 26 of this year is here of particular imporsance. § 


The results he pre: mted and the conclusions he drew from 
them have been discussed in the Norwegian press and a 
copy of the lecture has been distributed in Norway. 

There is no reason to question the reliability of 
the observational material presented by Libby and his co- 
workers. The conclusions which are drawn from the 
observations are often difficult to evaluate. However, 
it is the duty and the right of each scientist to make 
up his own mind on the basis of the available data. For 
continued discussions it will be an advantage also if 
the conclusions are based on statistical methods which 
reduce the range for subjective estimates. 

At the present time it seems that the most dangerous 
aspect of the atomic bomb explosions consists of the 
formation of a radioactive strontium isotope, strontium 90. 
This has a half-life of 28 years, and it has a tendency 
to be accumulated in the human bone structure. As a 
suitable unit for the radioactive strontium concentra- 
tion in the bone structure one may use a micro-microcurie 
per gram calcium or, as it is called, one stronti.im 
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unit®. American health authorities figure that the part 


*Sometimes, and somewhat unfortunately, also called a 
sunshine unit. 


of the population which in its work is associated with 
radioactivity ought not to have more than 1000 strontium 
units in the body. The rest of the population ought not 
to have more than 100 strontium units. There is xeason 
to be worried if large groups of the population approach 
this latter value. As the given tolerance limits are 
considered to be fairly uncertain, it is best to stay 
well below them. 

When one wants to estimate the danger presented by 
strontium fallout after atomic bomb explosions, several 
problems must be considered. The most important are: 

1. How much radioactive material will be formed 
by the atomic bomb explosions? How much will, as time 
goes by, accumulate in the soil, and what is the 
geographical distribution of the fallout? 

2. How is strontium absorbed into the human 
organism, and what is the connection between radioactive 


fallout and the radioactive strontium in the human body? 


3. How does the radioactive strontium concentra- 
tion vary from one individual to another? It is quite 
possible that even if the population as a whole has a 
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concentration which represents no danger, a fairly large 
number of individuals may nevertheless have concentra- 
tions in the dangerous range. 

Among these questions we have the best basis to 
answer the last. The most important data have been 
gathered by Libby, who has measured the radioactive 
strontium concentration in 53 stillborn children in 
Chicago in 1953 (see Figure 1). For comparison we have 
a study of the variation in normal strontium in himan 
bones determined by Turekian and Kulp? on the basis of 
277 pieces of bone from a large part of the world. Then 
we have a study of the radium concentration in 50 bodies 


in northwest America, gathered by Palmer and Queer”. 


Radium resembles strontium chemically, it is also radio- 
active, and it is enriched in the bone structure. 
Finally, we have some zeneral information regarding the 
distribution of the elements in nature. 

Libby assumes that the distribution function is 
normal, i.e. that it follows a Gavssian distribution 
function. The mean of radioactive strontium in the still- 
born children in Chicago is .14 strontium units with a 
mean deviation of 0.054. The relative deviation (mean 
deviation divided by the mean) is then 39%. The mean 
radium content, according to Palmer and Queen, was 
1.6 - 10714 with a mean deviation of 0.69 - i07)4 and 


a relative mean deviation of 44%. The mean of nornal 
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strontium, according to Turekian and Kulp, is 0.59 - 1079 
with a mean deviation of 0.263 - 1073, and a relative 
mean deviation of 45%. The material for determination of 
normal strontium was gathered from a very large area. If 
one takes the relative deviation within somewhat smaller 
areas, it was down to 30%. Libby then assumes that a 
relative deviation of 1/3 is a normal occurrence in 
material of this type. 

If the radioactive strontium concentration in the 
soil increases, the smount contained in the bones will 
increase also, and probably in propertion to the anount 
in the soil. The relative deviation will be unchanged, 
and Libby then calculates that about one out of 700 will 
have the double radioactive strontium concentration 
compared to the mean and only one out of several million 
three times the normal concentration. 

Here Libby has assumed that the distribution is 
Gaussien. However, there are strong reasons to believe 
that the Gaussian distribution function cannot be used 
in the present case, and that the choice of distribution 
function will be of crucial importance for the conclusions 
which are drawn from the data. 

From the Gaussian distribution function one would 
deduce that there should also be negative concentrations 
of the considered substances. This is, of course, in- 
possible. If a quantity cannot assume negative values 


and if the relative deviation is large, the quantity in 
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question cannot follow a Gaussian distribution function. 

The most comprehensive data apply to the normal con- 
centration of strontium in the bones. We see (Figure 1) 
that there are several high values which do not agree 
with the normal distribution function. 

Ahrens? has studied the following problem. If we 
take a number of samples of a mineral or a rock and 
determine the content of a trace element, what kind of a 
distribution function will we find? He found on the 
basis of a large amount of data that if one plots the 
observations on a linear scale the distribution is askew. 
However, one gets a normal distribution function if the 
observations are plotted on a logarithmic scale. This 
distribution function, which is known as the log normal 
distribution, therefore is the one which is most suited 
for geochemical problems. As we are here confronted 
with geochemical problems, there is reason to use the 
distribution function proposed by Ahrens. It is free from 
the objections which have been raised above against the 
use of the normal distribution function. But one nust, 
of course, check the presented material to see if the 
log normal distribution function agrees better with the 
data than the normal function. 

In the table the observed distribution of nornal 
strontium is compared with the expected value in the 
normal and the log normal distribution function. The 
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agreement may now be tested with standard statistical 
methods (the chi-square method). It turns out that 
there is much less than 1 per mille probability that the 
distribution is normal. There is, on the other hend, 
good agreement between the observations and the log normal 
distribution function. 

There is available commercially a graph paper which 
gives a log normal distribution as a straight line. 
Along the abscissa the values are given in logarithmic 
scale, The ordinate gives the per cent of the observa- 
tions which will fall below the value which is incicated 
by the abscissa. In Figure 2 the data on radioactive 
strontium in new-born children in Chicago (Libby), radium 
in human bones (Pelmer and Queen), normal strontium in 
human bodies (Turekian and Kulp) and the content cf 
radioactive strontium in bones from adults (Kulp, 
Eckelmann and Schulert) are plotted in this way. One 
will see that the observations fall on straight lines, 
and actually the logarithmic scale was used by Kulp, 
Eckelmann and Schulert. 

The value which is found where the curve crosses 
the 50% line is the one which will occur most frequently 
in a certain collection of observational material. This 
quantity is called the type number (t). ‘The slope of 
the curve gives the mean deviation in the observational 
material. The logarithmic mean deviation is given by 
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the letter A . If A is small the type number will not 
be very different from the arithmetic mean, but the 
difference increases with A. 

We now see that the curves for radioactive strontium 
in new-born children, the radium content in the bodies, 
and the content of normal strontium in bones have very 
nearly the same slope. On the other hand, the curve for 
radioactive strontium in the bones of adults show a large 
mean deviation. Here the material is gathered from a 
very large area, and the pieces of bone which were avail- 
able undoubtedly in part contained bone substance which 
was formed prior to the atomic bomb tests and in part 
newly formed bone substance. 

If we assume that the radioactive strontium con- 
centration in the bones increases in proportion to the 
amount of fallout in the distiict. the logarithmic 
deviation will not depend on the actual concentration in 
the soil. With a logarithmic mean deviation of 0.181 we 
find that approximately 5% of the population will have 
the double concentration compared to the average, 0.4¢ 
will have three times the average) cnn 6 ad have 
four times this concentration. One will see that the 


figures are very different from those given by Libby. 


The next step is to investigate how the radioactive 
fallout is distributed geographically. The fallout takes 
two different paths. By big bombs the radioactive 
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products are lifted into the stratosphere. Now there 
is little exchange between the stratosphere and the 
troposphere (the lower part of the atmosphere). Libby 
estimates that atomic waste on an average stays ten 
years in the stratosphere before it comes dow into the 
troposphere, from which it will quickly bewashed down 
into the soil by rain. In the course of these ten years 
the radioactive products will be spread over the whole 
earth. By smaller bombs the radioactive products remain 
in the troposphere and will come down fairly quickly, 
and roughly at the same latitude at which the explosion 
occurred. 

Libby gives the content of radioactive strontium 
in the soil for a total of 17 stations in the U.S.A. The 
amount is measured in millicurie per square mile, and 
the mean is 20 (about 8 mo /un*) . Practically the whole 
amount is found in the upper soil. Strontium is bound 
to the soil particles and is washed out only slowly. 
There are, however, marked local differences in con- 
centration. The higher values are found in South Dakota, 
Iowa, Utah and Michigan; here local fallout from the 
explosions in Nevada undoubtedly has played a role. 

High values are found also in the state of Washington 
and in New York while one finds low values in the Gulf 
States, Florida, Louisiana and Georgia as well as in 
New Mexico and California. Among the 17 values 5 lie 
between 6 and 15 millicurie per square mile (about 
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25 - 6 mc/im@), 5 between 16 and 25 (about 6 - 10), and 

7 between 26 and 36 (about 10 - 14). It is uncertain 
which factors determine the inequalities in the amount of 
the stratospheric fallout. However, knowledge on this 
point is of the greatest importance for estimates of 
which areas of the earth are most exposed. 

The most difficult task which remains is to find out 
how the radioactive strontium content in the soil affects 
the concentration in the bone. Strontium is absorbed 
along with calcium. But fortunately less strontium than 
calcium is taken up. Therefore the strontium-calcium 
ratio in the bones is smaller than it is in the soil. 
Libby figures that plants which serve as food for cattle 
discriminate against strontium with a factor of 1.4. But 
this does not apply to the strontium which falls directly 
on the leaves, and which is taken up through the surface 
of the leaves. Our most important source of calcium is 
milk, and Libby estimates that 80% of the calcium re- 
quirements of the American population are obtained from 
this source. Libby estimates that when the cows produce 
milk strontium is keptout by a factor of 7. Finally, 
the human body keeps strontium out of the bones by a 
factor which is assumed not to be less than 2 and possibly 


is as high as 8. Therefore when humans drink milk only 
1/20 to 1/80 of the strontium of the earth will enter 
the bone structure. 
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However, it must be stressed that this discrimina- 
tion against strontium is not so effective where there 
is a deficiency of calcium in the soil. According to 
Libby the radioactive strontium content in animals who 
live on soil poor in calcium may reach 5 times the normal 
value, a consideration which is of importance in many 
regions in Norway. If one mixes milk from different 
farms and districts the effect of a local calcium 
deficiency may be evened out, and the strontium pickup 
may aiso be kept down by adding lime to the soil. The 
quoted estimate applies only to the part of the calcium 
requirement which is covered by milk consumption. As 
milk is a fairly expensive source of nourishment, little 
milk is consumed in many parts of the world. 

Now there is another basis for evaluating the average 
discrimination factor against strontium. According to 
Turekian and Kulp the average strontium-calcium ratio in 
the bones is 0.6 - 1072, One knows roughly the strontiun- 
calcium ratio in the lithosphere. For the amount of 
strontium Goldschmidt® gives 150 grams per ton, Rankama 
and Sahama’ give 300 grams per ton and Rankama® 220 grams 
per ton. As this last source is the newest and the one 
which is most up to date we set the amount to 220 grams 
per ton. Calcium is estimated to be present in approximate 
equal amounts by the mentioned authors, Rankama gives 
36,300 grams per ton. The strontium-calcium ratio in the 
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lithosphere is then 6.1 - 1075 which is about 10 times 
what one finds in the bones. Therefore one should 
probably not assume a better discrimination ratio than 10. 
The numbers for the strontium-calcium ratio in bones from 
America do not differ much from the numbers in other parts 
of the world. Unless the strontium concentration in 
American s0il should be exceptionally high we must count 
with a factor of this magnitude also for American 
conditions. The radioactive strontium which falls on the 
leaves is resorbed directly without discrimination. This 
should result in a somewhat more unfavorable discrimina- 
tion ratio for radioactive strontium than for normal 
strontium. 


According to Libby an amount of fallout of 25 


millicurie per square mile (about 10 me /im*) , which is 


considered to be the average amount in America today, 
corresponds to a radio-strontium concentration in the 
upper soil of 50 strontium units. With a discrimination 
factor of 10 the bones in equilibrium with the sur- 
roundings should then have an average concentration of 
5 strontium units. The values will vary greatly because 
of individual variations and inequalities in fallout and 
calcium content in the soil at the different locations. 
If the atomic bomb tests were stopped, the radio- 
active strontium content in the soil in the United States 
would remain constant for some years. This is so be- 
cause the stratospheric fallout roughly will balance the 
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radioactive strontium content which disappears through 
decay. This applies in the U.S.A. which has received a 
reasonably large dose of local fallout. If the atomic 
bomb tests are continued at the same rate as in the past 
the amount of fallout wll increase to 8 times the 
present value and the «sverage amount in the bones should 
reach about 40 strontium units. If the fallout is evenly 
distributed, and if one dces not: take into consideration 
differences in the calcium factor, 1.4% of the population 
should then reacl: 100 strontium units. 

the amount of radioactive 

However, we mentioned alriady that/fallout is not 
evenly distribute:i. In the qu:ted investivation about 
30% of the statiyns had betwee, 6 and 15 miilicurie per 
square mile (abcut 2.5 - 6 mc/-m*), 30% had ‘.etweer 15 
and 25 (gout 6 - 10), and 40% had between 26 and 35 
(about 10 - 14). If one consicers the station: to be 
distributed roighly according t population dentit;, and 
assum:s that the ratios between lhe amounts of fallout 
will oe the same in the future ai they are today, cne 
me, estimate that more than 4.4% of the American 
population will gt more than 100 strontium units Ln \he 
bones if tests a1'2 continued at ‘ire present rate. 

It will be upparent that thrvre are many uncertain 
points in the estimates of the dinger of radioactive 
strontium from atomic bomb tests. With a conservative 
estimate batc2d on the health norms which are used today 


it is probable that continued explosiuns will pres2nt a 


aad 
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health danger for large sections of the population. It 
is too early to state anything definite about the 
probable damages of the atomic bomb tests which have 


occurred so far. 
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The distribution of radio-stroptium in 53 neiharont children 
in Chicago in 1953 (from Libby*), the strontiu m/calgium rati: 
in bones from the whole world (from Turekian & Kulp’) and tt 
radium content_in 50 bodies from northwest America (from 
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Fig. 2 


Graphical representation in a scale which transforms log 
normal distributions to straight lines. 


1. The strontium/ealeium ratio in human bones. 
2. The radio-strontium content in human bones fro 


North America (from Kulp, Eckelmann & Schulert/). 


3. The radio-strontium content in stillborn children 
in Chicago. 


4. The radium content in 50 bodies from northwest 
America. 


Further explanation in the text. 
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(Following is material submitted by Mr. Lauriston Taylor, Chief, 
Atomic Radiation and Physics Division, National Bureau of Stand- 
ards. In addition “National Bureau of Standards Handbook No. 61” 
was submitted and is onfile with the Joint Committee.) 


April 23, 1959 
Summary of NBS Handbook 69 


"Maximum Permissible Amounts of Radioisotopes in the Human Body 


and Maximum Permissible Concentrations in Air and Water" 


A Statement by the National Committee on 


Radiation Protection and Measurements 


The National Committee on Radiation Protection and Measurements (NCRP) 
has completed the revision of its 1953 recommendations concerning the maxinum 
internal permissible exposure of the human body to radioisotopes. Now in press 
as Handbook 69, "Maximum Permissible Amounts of Radioisotopes in the Human Body 
and Maximum Permissible Concentrations in Air and Water," i/ these recommendations 
are being summarized in advance of publication because of widespread public 
interest in this subject. 

The 1953 recommendations were for occupational exposure, 24 hrs per day, 
continuously for 70 years. The study was prepared by the Subcommittee on Per- 
missible Internal Dose. It was directed by Dr. Karl Z. Morgan of Oak Ridge 
National Laboratory, took some 5 years to complete and included nearly 75 


radioisotopes. 


1/ National Bureau of Standards Handbook 69, "Maximum Permissible Amounts of Radio- 
isotopes in the Human Body and Maximum Permissible Concentrations in Air and Water," 
expected to be available from the Superintendent of Documents, U.S.Government Print- 
ing Office, Washington 25, D. C., in about two months. 
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The study has continued under Dr. Morgan's leadership at an accelerated 





pace since 1953 with the added cooperation of the International Commission on 





Radiological Protection (ICRP). The present report includes maximum permissible 





concentrations (MPC) and body burdens for some 240 radioisotopes and includes 





many refinements based on knowledge not available in 1953. The study has 





included the evaluation of nearly 2000 separate researches reported in the 
literature, having bearing on the permissible dose problem. The new values 


reflect, where applicable, the lowering of the basic maximum permissible dose 







(MPD) recommended by the NCRP in 1957 and 1958. As a result of all of these 


considerations, some values have been increased, some decreased, and others 











remain essentially the same. In addition, the calculations have been changed 


from 70 years continuous occupational exposure to 50 years continuous occupational 
exposure - this latter being a more realistic figure for radiation workers. 
The following table gives a few selected samples of the body burden and 


maximum permissible concentrations comparing the 1953 and 1959 reports: 







Body Burden 





MPC (water) 
microcuries 





Element & Organ 


Ra226 bone 
p32 






bone 






1131 ehyroid 









sr9° bone 


muscle 


whole body 





The table is for continuous occupational exposure. Where a worker is exposed for 








only 40 hre/wk the MPC's are, in general, about 3 times higher. 
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k, d Inf tion 

In 1934 the International Commission on Radiological Protection recom- 
mended for the first time what is now called a maximum permissible dose for 
occupational exposure to X-rays and gamma-rays originating in sources external 
to the body. In 1936 the NCRP proposed levels slightly lower than those of the 
ICRP. The basic NCRP value of 0.1 roentgens per day was employed in this 
country until 1948. This was derived in part from information based on an 
observable effect of X-rays on the skin. It was also based on radiation levels 
measured in areas where persons had worked for extensive periods and had 
suffered no observable ill effects. 

Important information on the effects of radiation from radium deposited 
in the body was developed from the unfortunate experience in the radium dial 
painting industry. Here it was possible to make direct clinical study of a 
large number of victims, some of whom have died and many others of whom are 


still living. The early studies, supported by more recent ones, have shown 


that while all such radium deposits in the body may have caused some degree of 


effect, there appeared to be a quantity below which the individual was unaware 
of its existence. It could be detected only by the most careful clinical 
procedures, and was therefore described in the early days as “tolerable.” In 
1941 it was agreed that a total body burden of radium (mainly deposited in 
the skeleton) of 1 microcurie was tolerable, but to be on the safe side, a 
value of 0.1 microcurie was recommended for radiation workers. A vast amount 
of subsequent experience in the study of individuals exposed to radium has 
shown that the value of 1 microcurie may have been marginal but that the lower 
value of 0.1 microcurie in the body produces detectable damage only in the 
rarest of instances. This knowledge now forms one of our most important bases 
for establishing the permissible body burden for other radioisotopes that 


deposit principally in the bone, 


42165 O—59—-vol. 2——_50 
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Other radioisotopes may deposit and concentrate in certain body organs, or 
may spread throughout the whole body. In each case the radioisotope moves about 
or is deposited in the body in essentially the same manner as its non-radioactive 
isotopes, @.g., radio-sodium behaves in this respect like ordinary sodium as in 
salt. Also, many radioisotopes move about in a manner often somewhat the same 
as chemically related but different isotopes, e.g., radio-strontium and ordinary 
calcium. Metabolism and other biochemical considerations often cause important 
deviations from such behavior. 

Our knowledge of these metabolic processes is far from complete. However, for 
many chemicals, the extent to which they concentrate in the various body organs 
has been determined by direct experiment. From such data the distribution of 
other chemically-similar compounds...radioactive or not...can be determined 
approximately. Such experiments also give us considerable information as to how 
the chemicals pass through the body and are eliminated by normal processes, as 
well as the rates at which this occurs. It is therefore possible to determine 
directly in a few instances, and calculate in others, how much radiation dose 
is delivered to the whole body or individual body organs by these radioactive 
materials, either deposited or merely passing through. 

For very short-lived radioisotopes, the body burden builds up to the maximum 
permissible level quickly and will only remain at this level if the exposure is 
practically continuous. For long-lived radioisotopes and particularly those 
that tend to concentrate and remain in certain parts of the body, intake would 
have to be continued at the maximum permissible level over a long period of time 
before reaching the maximum permissible body burden. However, a single intake 
may produce the maximum permissible level and then this level will be maintained 
for a long time. In any case, the body burden is the determining factor in 


setting the maximum permissible dose for radiation workers. 


ext 


fro 
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The problem of protection against radiation injury caused by radiation from 
external sources is relatively simple. You either shield yourself or stay away 
from the source. As soon as you remove yourself or the source, the exposure ceases. 

Once radioactive material is inside the body, in general the exposure is 
reduced only by normal processes of body elimination, and normal decay of the 
radioactive material. 

The problem, then, is to prevent the material from entering the body in 
dangerous amounts in the first place. At present this can best be accomplished 
by limiting the concentration of radioactive material in the air we breathe, 
the water we drink, or the food we eat, to such levels that the body burden will 
not build up to or beyond what is considered to be permissible. The determination 
of these concentrations involves a large number of very complicated factors, about 
some of which auch is known, and about others of which much remains’ to be learned. 
It involves critical judgement on many factors where there is a range of choice. 
Wherever a choice must be made, it is invariably made in the conservative direction - 
that is, in the direction of lower concentrations. Sometimes there is uncertainty 
concerning the distribution of the radioactive material in the body. This is 
especially so with respect to the distribution within a body organ, but in 
most situations we have our best knowledge on the radiation dose delivered once 
a given body distribution is assumed or actually determined. Our biggest uncer- 
tainties are in establishing the MPC's that will prevent the body burden from 
exceeding the permissible amount. It is in this stage that the greatest conser- 


vatism is exercised. 


PROTECTION OF PERSONS OUTSIDE OF CONTROLLED AREAS 
Where radioactive material may escape from the controlled area and expose 
the neighboring public, the NCRP recommended in 1955 that the levels be 1/10 


those for occupational exposure. This recommendation continues. It must be 
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the 
emphasized, however, that the factor of 1/10 is for/primary purposes of controlling 


the radioactive materials discharged from an operation involving the use of such 
materials. The committee beMeves that exposure at the recommended occupational 
levels will cause observable radiation effects in an exceedingly small percentage, 
if any, of the radiation workers. Radiation effects to outsiders will be an even 
smaller percentage. The lower values recommended for persons exposed in the 
neighborhood of plant operations are given to assist in protection design for 
radiation installations. 

For lack of better information, the lower values have also been employed 
as guides for radiation situations not connected with controlled operations. 
They are, however, guides that may be specifically applied in such situations. 
Properly used, they apply to only a small percentage of the population (2 or 3 


percent at most). 
WHOLE EXPOS 


Exposure of the whole population to natural and man-made sources of 
radiation presents a different problem and involves many factors beyond technical 
control. The NCRP reports, thus far, contain recommendations only on matters 
that are subject to control. The recommended values for MPD's and MPC's apply 


specifically only to occupational conditions and conditions in the neighborhood 


of controlled areas which are attributable to operations within the controlled 


area. Until more specific information is available, it is believed that with the 
exercise of some judgement similar principles may be applied as guides in appli- 
cation to problems involving exposure of the whole population to radiation. 

The ICRP has made some tentative recommendations relative to whole popu- 
lation exposure. These are designed for long-range planning purposes and in this 


connection the NCRP considers them to be sound. They are not, however, subject 





1g 
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to direct control in the immediate future. In the meantime the NCRP considers 
that undue risks to the population will not be incurred by following current 
policies for a while longer, during which time it is hoped that methods may 

be established for a meaningful analysis and control of population exposure. 
When we can measure more accurately the body burdemsof radioisotopes in the 
various body organs, we will have advanced further towards a practical solution 
of the problem. Recent developments in the analyses of body wastes and in the 
use of devices for determining the specific location of radioactive material 


in the body have been encouraging. 


USCOMM-NBS -DC 
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on Radiation Protection (and later, the National Committee on Radiation Pro- 
tection and Measurements - NCRP). The revised Committee included representation 
from the various professional societies with an interest in the problem, govern- 
ment agencies with related interest and responsibilities, as well as individual 
experts. The continued sponsorship of the Committee by the National Bureau of 
Standards was in accordance with its statutory responsibility to cooperate with 
other governmental agencies and with private organizations in the development 
of standard practices, incorporated in codes and specifications. In addition, 
the recommendations of the National Committee on Radiation Protection and 
Measurements have been published as handbooks by the National Bureau of Standards, 
again in accordance with its statutory authorizations. 

The conclusions in the present handbooks are to be considered only as 
recommendations of a group of experts in the radiological protection field. 
They carry no legal implications demanding or requiring adoption. Inasmuch as 
the recommendations of the National Committee on Radiation Protection and Measure- 
ments impinge upon the areas of statutory responsibility of both the U. &. Public 
Health Service and the U. S. Atomic Energy Commission, it was considered 
important to determine that these agencies would not object to the publication 
of these recommendations by the National Bureau of Standards. Such assurances 
were obtained although these involve no commitment on the part of these agencies 
to adopt the recommendations of the National Committee on Radiation Protection 
and Measurements. Nor should the publication be construed as a recommendation 
by the National Bureau of Standards for adoption inasmuch as the important 
medical and biological factors involved in developing the recommendations are 


clearly outside of the Bureau's area of technical competence. 
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april 23, 1959 


1/ 
Preface to NBS Handbook 69 


The present handbook and its predecessors stem from the Second International 
Congress on Radiology, held in Stockholm in 1928. At that time, under the 


auspices of the Congress, the International Commission on Radiological Protection 


(ICRP) was organized to deal initially with problems of X-ray protection and 


later with radioactivity protection. At that time "permissible" doses of 
X-rays were estimated primarily in terms of exposures which produced erythema, 
the amount of exposure which would produce a defined reddening of the skin. 
Obviously a critical problem in establishing criteria for radiation protection 
was one of developing useful standards and techniques of physical measurement. 
For this reason two of the organizations in this country with a major concern 
for X-ray protection, the American Roentgen Ray Society and the Radiology 
Society of North America, suggested thet the National Bureau of Standards assume 
responsibility for organizing representative experts to deal with the problea. 
Accordingly, early in 1929, an Advisory Committee on X-ray and Radium Protection 
was organized to develop recommendations on the protection problem within the 
United States and to formulate U. 8. points of view for presentation to the 
International Commission on Radiological Protection. The organization of the 
U. 8. Advisory Committee included experts from both the medical and physical 
science fields. 

As a result of the extensive developments immediately preceding and during 
World War II thet added substantially to the importance of radiation protection 


problems, the Advisory Committee was reorganized in 1946 as the National Committee 


1/ National Bureau of Standards Handbook 69, "Maximum Permissible Amounts of 
Radioisotopes in the Human Body and Maximum Permissible Concentrations in 
Air and Water." In press. 
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since it would be made available in the complete ICRP report published by 
Pergamon Press. A Table of Contents of the parts of the ICRP report not 
contained herein is given on page . In addition the ICRP committee has prepared 
a detailed bibliography containing hundreds of references relative to the 


problem. Since the demand for this bibliography will be somewhat limited it is 


expected that it will be made available in limited quantity as a mimeographed 


report from the Oak Ridge Laboratory. 

The National Committee on Radiation Protection and Measurements is governed 
by representatives of 17 participating organizations, including the National 
Bureau of Standards. Eighteen subcommittees have been established, each 
charged with the responsibility of preparing recommendations in its particular 


field. The reports of the subcommittees are approved by the Main Committee 
before publication. 


The following parent organizations and individuals comprise the Main 


Committee: 


Andrews, U. S. Public Health Service and Subcommittee Chairman 
Barnes, Am. Indust. Hygiene Assn. 
Barnes, Amer. Veterinary Medical Assn. 
Blackman, Int. Assn. of Govt. Labor Officials 
Braestrup, Radiol. Soc. of North Amer. and Subcommittee Chairman 
Bugher, Representative at large 
Chamberlain, Amer. College of Radiology 
Claus, U. S. Atomic Energy Commission 
Dunham, U. S. Atomic Energy Commission 
Eberhard, Amer. Radium Society and Subcommittee Chairman 
Evans, Amer. Roentgen Ray Society 
Faille, Representative at large 
W. Healy, Health Physics Soc, and Subcommittee Chairman 
C. Hodges, Amer. Medical Assn. 
Kleinfeld, Int. Assoc. Govt. Labor Officials 
W. Koch, Subcommittee Chairman 
Langham, Subcommittee Chairman 
M. Lechausse, Col, U. S. Air Force 
Vv. Leroy, Subcommittee Chairman 
B. Mann, Subcommittee Chairman 
A. McAdams, Atomic Indust. Forum and Subcommittee Chairman 
M. MeDonnel, Lt. Col., U. S. Army 
. W. Morgan, Subcommittee Chairman 
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Since the publication in 1953 of the report of Subcommittee 2 of the 
National Committee on Radiation Protection on Permissible Internal Dose entitled 
"Maximum Permissible Amounts of Radioisotopes in the Human Body and Maximum 
Permissible Concentrations in Air and Water” (NBS Handbook 52) the study of the 
problem of internal irradiation has been continuous. The basic work for the 
preparation of this report has oeen handled to a major extent by Dr. K. Z. Morgan 
and by members of his staff at Oak Ridge. The same task has been carried out 
simultaneously for the corresponding committee of the International Commission 
on Radiological Protection of which Dr. Morgan is also Chairman. 

Since 1953 new information relative to the problem of internal irradiation 
has been steadily increasing. Simultaneously there have been increasing 
demands for more information on radionuclides than was covered in the original 
edition of Handbook 52. In spite of the enormous amount of work which has been 
done by this subcommittee the problem of developing maximum permissible concen- 
trations of radionuclides is still rendered difficult because of the relatively 
limited direct experience with the action of the radiation from radionuclides 
on human tissue. The contents of this Handbook are based on what is believed 
to be the best information available and it is to be expected that as our know- 
ledge increases the numerical quantities presented in this report will be in a 
state of continuous modification. 

The recommendations of this Handbook take into consideration the NCRP 
statement entitled "Maximum Permissible Radiation Exposures to Man," published 
as an addendum to Handbook 59 on April 15, 1958. 

As noted above this study was carried out jointly by the ICRP and the NCRP, 
and the complete report is more extensive than the material contained in this 
Handbook. It was felt that for the sake of producing a Handbook suitable for 


daily usé, some of the more extensive treatment of the problem could be omitted, 
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K. Z. Morgan, Health Physics Society and Subcommittee Chairman 
R. J. Neleen, American Dental Assn. 

R. R. Newell, Amer. Roentgen Ray Society 

C. Powell, U. S. Public Health Service 

E. H. Quimby, Amer. Radium Society and Subcommittee Chairman 
J. A. Reynolds, Natl. Electrical Mfgr. Assn. 

H. H. Rossi, Subcommittee Chairman 

M. D. Schulz, Amer. College of Radiology 

L. S. Skaggs, Subcommittee Chairman 

J. H. Sterner, Amer. Indust. Hygiene Assn. 

R. S. Stone, Radiol. Soc. of North America 

L. 8. Taylor, National Bureau of Standards 

E. D. Trout, Natl. Electrical Mfgr. Assn. 

Bernard F. Trum, Amer. Veterinary Medical Assn. 

Shields Warren, Representative at large 

E. G. Williams, Representative at large 

S. F. Williams, Capt., U. S. Navy 

H. 0. Wyckoff, Subcommittee Chairman 


The following are the Subcommittees and their Chairmen: 


Subcommittee 


Subcommittee 
Subcommittee 
Subcommittee 


Subcommittee 


Subcommittee 


Subcommittee 


Subcommittee 


Subcommittee 


Subcommittee 
Subcommittee 
Subcommittee 


Subcommittee 


Re 


2. 
3. 
4. 


5. 


6. 


7. 


9. 


10. 
ll. 
12. 


13. 


Permissible Dose from External Sources. (Responsibility of 
the Executive Committee) 


Permissible Internal Dose, K. Z. Morgan 
X-rays up to Two Million Volts, T. P. Eberhard 
Heavy Particles (Neutrons, Protons, and Heavier), H. H. Rossi 


Electrons, Gamma Rays and X-rays Above Two Million Volts, 
H. W. Koch 


Handling of Radioactive Isotopes and Fission Products, 
J. W. Healy 


Monitoring Methods and Instruments, H. L. Andrews 


Waste Disposal and Decontamination (This subcommittee has 
been inactivated.) 


Protection Against Radiations from RA, c06, and csi37 Encap- 
sulated Sources, C. B. Braestrup 


Regulation of Radiation Exposure Dose, W. A. McAdams 
Incineration of Radioactive Waste, G. W. Morgan 
Electron Protection, L. S. Skaggs 


Safe Handling of Bodies Containing Radioactive Isotopes, 
E. H. Quimby 


Subc 
Subc 


Subc 


le 
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Subcommittee 14. Permissible Exposure Doses Under Emergency Conditions, 
G. V. Leroy ‘ 


Subcommittee M-1. Standards and Measurement of Radioactivity for Radiological 
: Use, W. B. Mann 


Subcommittee M-2. Standards and Measurement of Radiological Exposure Dose, 
H. 0. Wyckoff 


Subcommittee M-3. Standards and Measurement of Absorbed Radiation Dose, 
H. 0. Wyckoff 


Subcommittee M-4. Relative Biological Effectiveness, W. H. Langham 


The present Handbook was prepared by the Subcommittee on Permissible 
Internal Dose, with the following members: 


K. Z. Morgan, Chairman Oak Ridge National Laboratory 

A. M. Brues Argonne National Laboratory 

P. Durbin University of California 

G. Faille Columbia University 

J. W. Healy Hanford Works, Richland, Washington 
J. B. Hursh University of Rochester 

L. D. Marinelli Argonne National Laboratory 

W. S. Snyder University of Tennessee 

L. 8. Taylor National Bureau of Standards 
Shields Warren New England Deaconness Hospital 


In addition, many scientists of many countries have contributed, not only 

through their original research which is the basis of the report, but also 

by their generous aid in interpreting their results for use in this report. 
Finally, the technical work of collecting the data and interpreting it for 
conditions of occupational exposure as well as the writing of the text is 

largely the work of the Internal Dosimetry Section of the Oak Ridge National 
Laboratory headed by Dr. K. Z. Morgen. Im particular, Mary Jane Cook has been 
responsible for the collection and presentation of the biological data, Mary Rose 
Ford has been responsible for the physical data used and for computation, 

James Muir and Janet Kohn have computed the tables for the gastro-intestinal 


tract values and for the effective energies respectively, and Dr. Walter S. 








Snyder has supervised the technical work and acted as secretary to the ICRP 


Committee II in preparing this report. 


USCOMM-NBS=DC 
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A. V. Astin, Director 
National Bureau of Standards 
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May 20, 1959 


RADIATION PROTECTION STANDARDS*# 
Lauriston S. Taylor, Atomic and Radiation Physics Division, 
National Bureau of Standards 

When we speak about standards we may well ask ourselves what we mean. 
To most people standards mean something firmly fixed, or at least repro- 
duceable -—- something quite permanent or something that is quite definitely 
definable. As a matter of fact, there are very few truly absolute standards. 

We may think of physical standards - like the metre-bar with two 
scratches on it that can be stored away in a vault and which we can con- 
fidently expect to remain the same year in and year out. Or we may have 
what we call standard preparations. These are used, in the main, for 
checking measurement methods or techniques. For example, we have standard 
samples of steel which after careful analysis in the laboratory are sent 
out to the mill where they are run through an analysis procedure as a check 
on its accuracy. Or we may have standards of radioactivity - again where 
a radionuclide has been accurately measured in the laboratory and is then 
used to check the measurement technique in a hospital or some other 


laboratory. 


"Presented at Meeting of the Washington Philosophical Society, May 8, 1959 
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In the field of human applications we have what may be called 
biological standards. These are frequently based on some specified 
biological result produced in an animal when exposed to the particular 
material in question. The proving of a drug against a biological 
standard involves the exposure of a number of animals and then a statis- 
tical analysis of the final result. By its very nature, this is a pro- 
cedure that cannot use man as the standardizing animal. But at least 
a procedure can be described which for most cases will determine the 
potency of a biological agent within some range of certainty. 

There is much talk today about radiation protection standards. Here, 
the so-called standards are based mainly on long experience with man working 
in a known environment of radiation and followed by the exercise of techni- 
cal judgement as to whether or not an effect may have been produced on hin. 
Radiation protection standards do not permit of direct testing. In my owm 
humble opinion most of them should not be called standards at all. They 


might much better be called guides. 
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In fact most of our radiation protection standards of today are 
based on the absence of the demonstration of any deleterious effect. 
Because of our limited knowledge of the effect of low levels of radiation 
on animals, and the almost non-existent knowledge of the effects of small 
doses of radiation on man, the permissible exposure levels for radiation 
workers have been set low enough so that there is a negligible probabil- 
ity of radiation damage occuring to the individual exposed. 

This concept may be summed up by a quotation from the most recent 
report of the International Commission on Radiological Protection. This 
says: 

"The permissible dose for an individual is that dose accumulated 


over a long period of time or resulting from a single exposure, which 


in the light of present knowledge, carries a negligible probability of 


severe somatic or genetic injuries; furthermore it is such a dose that 

any effects that ensue, more frequently are limited to those of a minor 
nature that would not be considered unacceptable by the exposed individual 
and by competent medical authorities. 
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"Any severe somatic injuries (such as leukemia) that might result 
from exposure of individuals to the permissible dose would be limited 
to an exceedingly small fraction of the exposed group; effects such as 
shortening of life span which might be expected to occur more frequently, 
would be very slight and would likely be hidden by a normal biological 
variation. The permissible doses can therefore be expected to produce 
effects that could be detectable only by statistical methods applied to 
large groups." 

It is obvious from this criterion that radiation protection standards 
based on an absence of observable effect, could be too low. About all 
that we know is that there is rarely, if ever, an identifiable radiation 
effect in relationship to a specific known radiation exposure at the 
permissible level. 

On the other hand, it is also possible that our exposure standards 
may be too high. The mere fact that we have not been able to observe 
some damage does not necessarily mean there has not been damage. It 
may well be, that we simply do not yet know enough about how to observe 
an effect which may in fact be deleterious to the individual concerned. 
Also, when we speak of an "observed effect" we must use great care. It 
could well be that radiation might cause some effect, without this effect 
being, in itself, deleterious. Great widom will be required to properly 


define what is really deleterious. 
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The problem is further complicated, by the fact that at least 
at low radiation exposure levels, practically any effect which might be 
caused by radiation can also occur spontaneously for reasons unknown 
and unrelated to the radiation exposure. 

Radiation effects may for convenience be placed in three categories. 
The first of these would be somatic effects or damage to the body cells 
exclusive of the germ cells. Included in this category might be such 
damage as bone sarcoma from the deposition of radioactive material in 
the bone. 

The second would be genetic damage causing alterations in the germ 
cells which play a part in our hereditary process. Somatic effects, of 
course, are limited to the individual exposed, whereas genetic effects 
may be transmitted dow through the family strain for generations. 

A third effect is the shortening of the average life span, or life 
expectancy of individuals. The existence of shortening of the life span 
has been fairly well demonstrated in animals, but because of the complica~- 
tion of the problem, has yet to be demonstrated clearly in man. An 
often-quoted report on the life expectancy of early radiologists, as 
compared with other physicians, initially indicated an average shortening 
of the life span of about five years. However, when the same data was 
subjected to proper analysis the results turned out to be quite incon- 


clusive. 


42165 O—59—-vol. 2-51 





1742 FALLOUT FROM NUCLEAR WEAPONS TESTS 


Life shortening, in itself, is something exceedingly difficult of 
definition. It is only rarely that this will show up as some identifi- 
able radiation produced disease. For the most part the animal or man 
simply appears to grow old a little bit sooner, or may succumb a little 
bit more easily to the ordinary diseases to which he is prone. But 
these same things can happen anyway, from a variety of other causes. 

From all we know today, life shortening effects, if they exist in man 
at all, can only be detected by the most critical of statistical studies 
on large samples of exposed population. 

One of our most important lacks of knowledge relates to the determ- 
ination of the effects of very low level radiation exposures occuring 
over long periods of time. Thus far, no experiments with animals and 
no information on man have demonstrated that there exists a threshold of 
radiation effect. By threshold we mean some radiation level below which 
radiation damage definitely will not occur, and above which radiation 
damage probably will occur. Similarly we have virtually no knowledge on 
the linearity of radiation effects. Is there an established relationship 
between total dose or dose-rate and a measureable biological effect? For 
the most part, the answer to this today is that we do not know. On the 
other hand some information is beginning to develop as a result of a 


careful analysis of individuals developing leukemia. This is a clearly 


definable disease and it is known that it can be produced by radiation 


as well as by other causes. 
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To develop some perspective on the problem of establishing radiation 
protection standards for occupational exposure, it may be interesting to 
go back about 30 years to the time when the first of these was tentatively 
put forward. Early permissible exposures were expressed in terms of the 
fraction of a skin erythema dose produced by radiation under conditions 
where it was felt that there was some reasoriable idea as to the amount of 
radiation involved. Of course the amount of radiation necessary to cause 
an erythema was not considered as acceptable. The first permissible dose 
as proposed by Mutscheller was specified as 1/100 of an erythema dose in 
30 days. Others expressed this as 1/1000 of an erythema dose in 3 days. 

It must be borne in mind that up to 1928, we had no acceptable units 
of radiation dose. By the early 30's the roentgen had become established 
as an acceptable unit. Measurements then showed that the permissible dose 
level could be expressed in terms of roentgens. The value turned out to be 
approximately 2/10 roentgen per day. This was recommended as the permissible 
dose level by the International Commission on Radiological Protection in 
1934. In 1936 the National Committee on Radiation Protection in this 
country recommended a level of 1/10 roentgen a day. This was mainly to 


correct between dose measurements made in free air instead of on the skin. 
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Because of extensive radiobiological information gained during 
the Manhattan District operations and because of the introduction of 
kinds and quantities of radiations not considered earlier, the protec- 
tion problem again came under intensive review in this country beginning 
in 1946. As a result of these studies it was found that the old level 
of 1/10 roentgen per day while probably satisfactory might be marginal. 
Accordingly, it was recommended in about 1948 that the level be reduced 
from 1/10 roentgen per day to 3/10 roentgens per week. This value was 
subsequently recommended by the International Commission in 1950. 

At the time that this study began in the late 40's, there was an 
acute awareness of the genetic problem. It did not appear feasible 
then to establish any quantitative relationship between dose and genetic 
effect. However, at a meeting of the International Commission in Stock- 
holm in 1952, at which a number of geneticists were present, an attempt 
Was made to assess the situation. It was agreed then, that for genetic 
reasons the radiation exposure of the population should be kept as low 
as possible, and that preferably the average per capita dose should not 
exceed a value somewhere between 3 and 20 rems through the childbearing 


period. Unofficially, it seemed that a value of 10 rems might be 


satisfactory. 





co 


re 


th 


th 








FALLOUT FROM NUCLEAR WEAPONS TESTS 1745 

Beginning in about 1955 the genetic aspects of our radiation pro- 
tection problem came under intensive study by various groups in this 
country and abroad. As a result of this the ICRP, in April 1956, 
recommended that the average per capita dose to the gonads not be greater 
than a value of the order of background radiation, in addition to back- 
ground radiation. In June the National Academy of Sciences recommended 
the specific level of 10 rems average per capita gonadal dose for the 
whole population up to age 30. This age was selected because 50% of the 
childred were born to parents of that age or under. 

In 1957 the NCRP stated this somewhat more specifically as follows: 

"The maximum permissible dose to the gonads, for the population of 
the United States as a whole, from all sources of radiation including 
medical and other man-made sources and background, shall not exceed 
14,000,000 man-rems per 1,000,000 of population over the period from 
conception up to age 30 and one-third of that amount each decade thereafter." 


At the present time this can be broken down approximately as follows: 


~- TABLE 1 - 
Background radiation 4,000,000 man-rems 
Medical irradiation 5,000,000 
Occupational exposure 150, 000# 
Radiation in plant environs 150, 000# 
Fallout 200 , OO00# 


9,500,000 man-rems 


Balance 4,500,000# man-rems 


“Portions subject to control. This is the part referred to later that the 
ICRP includes in its definition of genetic dose. 
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At the time that the ICRP made its recommendation with regard to 
genetic dose for the whole population, it also reconsidered the problem 
of permissible dose standards for occupational exposure. For the principal 
purpose of holding down the genetic dose among radiation workers, it was 
found possible to further reduce the old occupational levels and still retain 
a satisfactory use of radiation sources. It was recommended that the dose 
for radiation workers not be accumulated faster than approximately 50 rems 
up to age 30, and 50 rems per decade thereafter. This could be reduced to 
an average of 5 rems/yr or 1/10 rem per week. 

Table 2 gives a somewhat simplified picture of the trends in the basic 
permissible dose levels for occupational exposure since 193: 

- TABLE 2 - 
Level 


(rems/year) 


ICRP (April 1956) 5 
ICRP (1950-1956) at 0.3 rem/week 15 
NCRP (1935-1948) at 0.1 rem/day 30 
ICRP (1934-1950) at 0.2 rem/day 60 
Prior to 1934 100 


Considerable public attention has been directed recently to the repeated 
lowering of the maximum permissible dose for radiation workers. Some com- 


ments have implied that these lowerings were clear indication either of 


dereliction in establishing the earlier standards or that the bodies respons- 


ible for the recommendation didn't know what they were doing in the first 


place. 
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It should be emphasized that neither implication is valid. Nobody 
will admit more quickly than the many people who have worked on this 
problem that we still lack a great deal of information necessary to 
establish protection standards on a more quantitative basis. On the 
other hand the problem has been studied by the Nation's leading experts 
in the various aspects of the radiation protection problem. In addition, 
millions of dollars worth of research, mainly supported by the AEC, have 
been put into studies leading directly or indirectly to a better under- 
standing of the overall protection problem. 

A variety of factors have entered into the considerations leading 
to the successive lowering of the permissible exposure for radiation 
workers. For one thing the number of radiation workers is increasing 
rapidly so that damage, if it occurs, may involve a larger absolute 
number of people. Also, beginning in the 30's, new radiation sources 
operating at very much higher potentials were developed, so that individ- 
uals were exposed to more penetrating radiation, which could reach cells 
at body depths not as seriously affected under the conditions of low 
energy radiations used earlier. Also, many new sources of radiation 
began to be developed as the result of nuclear fission. We now have 
possible, exposure to very high energy X-rays, neutrons, as well as the 
normal radiations from radionuclides. Furthermore, because of the nature 


of nuclear-energy operations it is much more easily possible for people 


to get radioactive material into the body where it may lodge indefinitely 


or at least long enough to do some harm. 





1748 FALLOUT FROM NUCLEAR WEAPONS TESTS 

An important consideration in reducing permissible dose levels had 
also to do with the fact that improved techniques, and procedures, and 
improved knowledge of shielding, has made it possible to work with larger 
quantities of radiation, while at the same time exposing the workers to 
less stray radiation. The AEC for example, found a few years ago, that 
most of its operations were being conducted without exposing its workers, 
to more than a small fraction of permissible dose then in use. 

With this brief review of the development of protection standards 
as we now have them, let us return to look at some of the difficulties 
involved. One of the problems has to do with the relationship between 
the rate at which the radiation is delivered, and the end biological 
effect. We know, for example, that the administration of heavy doses 
of radiation for therapeutic purposes induce a form of radiation sickness 
in the patient, whereas the same dose delivered more slowly in daily 
fractions may not produce any evidence of sickness. We know also that 
a dose of say a 1,000 roentgens given all at once to the whole body 
of an individual will cause early death. We know just as well that the 
Same amount of dose has been accepted by large numbers of our early radiol- 


ogists without any demonstrable damage having resulted. 


These facts indicate that if the damage is not too great, some degree 


of tissue recovery must take place. Precisely how much or what the 


mechanism may be is not known, but there is no doubt that it exists. 
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As mentioned above, the first permissible dose was expressed in 
terms of radiation exposure per day. It made no difference, whether 
the day's exposure was delivered all at once, or uniformly, over the 
working period. Lack of evidence of any effect of larger daily exposure 
might be integrated. Other proposals would have allowed integration over 
a month or even a quarter of a year. Now there must be some point at 
which this extension of the integration time must cease. But so far there 
is no evidence to indicate that it makes any difference as to whether a 
permissible dose is received in a matter of seconds or in a month or two. 
This is provided, of course, that the dose is somewhere within the rela- 
tively low levels we are talking about. For practical reasons, some 
periods of integration have to be selected. 

Our recommendations of today say, in effect, that an individual's 
exposure should not exceed an average of 5 rem per year, but added to this 
is a provision designed to prevent abuse of the averaging period. This 


provision states that within any 13 consecutive weeks the dose shall not 


exceed 3 rems. 


You will notice, that up to here the discussion has dealt rather loosely 


with "averages"; yearly averages, weekly averages, daily averages and 

so on. But it is in precisely this area that difficulties begin to arise. 
These difficulties are not introduced just because of the hazards of 
radiation itself; difficulties are also introduced because of the hazards 
of our legal procedures. Radiation has become so important to so many 


people that its control is insisted upon, and properly so, of course. 
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However, in order to accomplish this in due legal style it seems we must 
put aside our sense of proportions and our sense of humor and we must 
define our permissible exposure levels in terms that are all completely 
black or all completely white. The inability of our legal procedures 

to deal with averages has led to the development of a sort of formula for 
expressing the maximum permissible dose (MPD) for occupational workers. 
This states that at any age the exposure of any individual shall not exceed 
5 times the number of years of his age beyond 1b, and may be expressed as 
MPD = 5(N-18) where N is the person's age. 

To minimize the possibility of unduly large single doses, it is 
further specified that his exposure during any 13 consecutive weeks shall 
not exceed 3 rem. It should be pointed out that this formula carries no 
mathematical magic; it is merely a convenient way for expressing the prin- 
cipal that we desire to achieve. It satisfies the legal requirements; It 
is something that can be enforced; it is something that can be managed 
within any particular radiation installation. 

As mentioned earlier, it is possible for radioactive material to 
enter the body where it may either lodge indefinitely, or be eliminated 
gradually. Elimination, of course, may take place either through the 
normal body processes or by means of natural radioactive decay. Standards 
for permissible amounts of radioactive material in the body are derived 


by two different approaches. 
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For radionuclides that are primarily bone-seekers and alpha or 

beta emitters, we fall back on the unfortunate experience of the radium 

dial workers in the 1920's. Here, through a great amount of effort, it 

has been determined that radium lodged in the body in amounts totaling 

less than 1 microcurie is not known to have produced damage te the individual. 

If there are any exceptions to this, they are exceedingly rare. Neverthe- 

less, to be on the safe side, a permissible body burden for radium has been 

set at the level of 1/10 microcurie. In the meantime it has been determined 


that 1/10 microcurie of radium lodged in bone will produce a local dose of 


the order of 6/10 rem a week. Analysis of damage caused by radium, or other 


radionuclides behaving in a similar manner, is very complicated, and includes 
an understanding of the effects of distribution within the bone as well as 
the total amount present. For other radionuclides the acceptable amount in 
bone has been based on that amount which will not produce a local dose 
greater than the same 6/10 rem produced by radium. It is on this basis that, 


for example, the permissible body-burden of 2 microcuries is set for 


strontium-90. 
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We have no comparable knowledge on the effect of ingested radio- 
active material on other organs of the body. It was therefore decided 
that the dose to a single organ produced by any other radionuclide 
should not exceed the level previously set for the weekly whole-body dose 
for external radiation; namely, 3/10 rems per week. This appears to be 
very conservative since it is presumed that the whole body can withstand 
this same dose from external sources of radiation. On the other hand,it 
is difficult to assign a factor to the essentiality of a particular organ 
in relation to the function of the body as a whole. 

It was mentioned above that in 1957 the basic permissible level for 
exposure of the whole body was reduced from an average of about 15 rem 
per year to about 5 rem per year. However, when we are considering ex- 
posure of individual body organs to radiation from ingested radionuclides, 
it is not believed necessary to make a reduction in the exposure of most 
individual body organs by this factor of 3. On the other hand if the gonads 
or the whole body is exposed, the reduction by a factor of 3 is considered 
to be necessary. Without going into further detail, you can see from this 
discussion, that our permissible dose standards go back to different funda- 
mental considerations under different circumstances. However, cross 


checking as far as we are able, we find that no grave inconsistencies have 


been introduced by doing this. 
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Table 3 gives a simplified picture of the current basic permissible dose 
standards for occupational exposure. 
- TABLE 3 - 


Basic “permissible dose" standards 
(Occupational exposure) 


External irradiation: 


Whole body, gonads, bloodforming organs, eyes - - 5 rems/yr (average) 


Internal irradiation: 
Whole body, gonads, bloodforming organs - - 5 rems/yr (0.1 rem/wk) 
Thyroid, bone (for certain radionuclides) - - 28 rem/yr (.56 rem/wk) 


Other single organs 15 rem/yr (0.3 rem/wk) 
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A remark was made above about our lack of knowledge as to whether 
radiation effects were linear or non-linear or whether there are thresholds. 
It should be pointed out that the various protection bodies, in setting 
permissible levels such as discussed above, have always operated on the basis 
that there were no thresholds and that the effects were essentially linear 
in nature. This, of course, may or may not be true, but if true it would 
imply that there is some degree of radiation damage to the human system no 
matter what the exposure level may be. This is in spite of our failure to 
observe specific effects at very low doses. Also if true, this implies 
that any radiation exposure whatsoever involves some possible risk to the 
individual. We are thus faced with the dilemma that if we are to reduce 
radiation risk to zero we must at the same time eliminate all use of all 
radiation. Of course we cannot eliminate background radiation. Again, 
if this is true, we must be willing to face this small and undefinable 
risk. It is something that we are accustomed to in many other areas of 
life and I will not dwell on it further at this time. 

We should emphasize again, our almost total lack of knowledge about 
radiation damage at very low exposure levels. Simply because we assume 
a linear dose-effect relationship and the absence of a threshold this does 
not necessarily make either true. The use of such assumptions however 
makes our current permissible dose levels very conservative. On the other 


hand, we must be very careful indeed as to how this is interpreted to the 


public. 
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As already stated, all of our permissible radiation exposure levels 
are based on the absence of positive knowledge of damage. This in itself 
should provide some degree of reassurance. It means, that the percentage 
of people exposed and who have resultant damage is so small as to be essen- 
tially undetectable. It may never be absent but the percentage is extremely 
small. On the other hand if one considers the entire population of a 
country of this size, while the percentage is small the absolute numbers 
may be appreciable. Here we find ourselves involved in a very serious 
philosophical argument. Do we deal in percentages or do we deal in numbers? 
In either case the individuals are not defined. 

Let us turn to another set of standards which we are compelled to use 
for reasons that will become obvious. Radiation is produced in a variety 
of places that we commonly refer to as installations. The permissible 
levels discussed thus far refer to the individuals who work within these 
installations, and for whom the working conditions are extremely carefully 
controlled. The individuals are monitored; they are subject to special 
health precautions. On the other hand if radiation excapes from the install- 
ation, as for example, through the wall or ceiling to the next door apart- 
ment, or by way of contaminated effluents from an atomic energy plant, radiation 
or radioactive material may subject people outside of the controlled area to 
an exposure over which they themselves have no control. For ethical as well 
as biomedical reasons, we cannot expose these people to the same levels that 
may be allowed to individuals within the plants. This is in spite of the 


fact that there is no evidence of damage to workers within the plants. 
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For people exposed outside of controlled installations the permissible 
exposure levels have been set at 1/10 of those allowed within the installa- 
tion. This is not arbitrary in spite of the fact that no damage is presumed 
to have occurred to the people exposed to the permissible levels within the 
plants. On the other hand people outside a particular plant might be ex- 
posed not only to the radiation from one plant but possibly from several; 
there is no way of controlling this. Furthermore, because of the possible 
escape of radioactive material larger numbers of people may be exposed out- 
side of the plant than inside of the plant. Even more critical is the fact 
that the outside population will contain children and pregnant women; the 
embryo is especially sensitive to radiation. We have here, a situation 
where an individual is subjected to conditions over which he himself has 
no control. People outside of installations can be protected only by properly 
regulating operations within the installations. 

Thus far all of the levels that have been discussed are subject to direct 
control, and in a sense we have set standards (or preferably guides) by which 
this control can be effected. 

We have a very different situation involving the general population when 
this population is subjected to other sources of man-made radiation not sub- 
ject to control from within an installation such as has been cescribed. For 


example we have the present-day problem of radioactive fallout. 
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As already mentioned, the NAS, NCRP, and other bodies have recommended 
a permissible exposure for the whole population at an average per-capita 
dose not exceeding 10 rem above background up to age 30, from all sources 
of man-made radiation. Here the primary consideration is the genetic burden 
to the whole population. 

As far as an individual is concerned, exposure at 1/10 the maximum 
permissible occupational level appears to be very conservative. However, 
if the entire population were to receive this amount of exposure the 
geneticists feel certain that the total would be unacceptably high. For 
example, if we take the average of 5 rems per year multiplied by 1/10 and 


again multiplied by 30 we would find that this would give a dose of 15 rem 


to the gonads up to age 30. In addition to this would be the background 


of 3 or & rems and the average medical exposure of 5 rems making a total 
of somewhere between 20 and 25 rems up to age 30. This is unacceptably 
high. 

Table 1 shows roughly how we may stand today with regard to the dis- 
tribution of gonadal dose from the warious sources of radiation to which 


our population is exposed. 


42165 O—59—vol. 2——52 
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The International Commission on Radiological Protection has 
recognized the need for some guidance in future planning of the amount 
of radiation that may be delivered to the public from all sources. With- 
out some advance planning there is of course the danger that unbridled 
exploitation of radiation by industry, medical applications or weapons 
testing, might result in each of them increasing to a degree that in 
total would be unacceptable. For planning purposes the Commission has 


given the illustrative apportionment of the genetic dose shown in Table 4. 


TABLE 4 
ICRP GENETIC DOSE GUIDES 
(Excludes Natural Background and Medical Exposure) 
Available: 5 rems, Average Per Capita Dose Up to Age 30 
Occupational 1.0 rem 5 rem/yr to 1/7% of pop. for 12 yrs 


Special groups 0.5 rem 0.5 rem/yr to 3% of pop. for 30 yrs 


1.5 rem 0.05 rem/yr to 100% of pop. for 30 yrs (internal 


Population-at~ emitters 
Large 0.5 rem 0.05 rem/yr to 33% of pop. for 30 yrs (external 
radiation) 
Reserve 1.5 rem 
.O rem 


ex 
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In developing the illustrative apportionment above, the ICRP has 
excluded both background and medical irradiation. The first cannot be 
controlled and is widely variable. The latter is considered separately 
because of its variability and also because other methods are being 
studied for limiting it. In addition, medical irradiation serves a useful 


purpose. The remaining sources of irradiation correspond to those indicated 


in Table 1 and amount to 5 x 10° man-rems per 10° population or an average 


per-capita dose of 5 rems. 

It should be emphasized, that these suggestions of the ICRP are 
purely illustrative guides; at the present time we can see no way of 
enforcing them. 

We are, however, concerned in this country about the manner in which 
these recommended guides will be accepted. This concern stems from the 
fact that we in the U. S., are attempting to legislate our way through much 
of the problem of radiation protection. There is some fear that the mere 
mention of such guides as shown here may be picked up by some well-meaning 
legislator and made into law. It is clear indeed that one cannot legislate 
on such matters. One can, nevertheless, use such guides for constructive 
national planning; one can watch closely over the output from various sources 
of radiation and if it is found that any one of these is proceeding in a 
dangerous trend, steps can be taken to curtail it. It is not an unreason- 


able plan. But the National Committee on Radiation Protection in this 
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country believes that it is wise, for the time being, to refrain from 
making specific recommendations along these lines, with the same degree 
of confidence that it has made recommendations for permissible dose under 
situations that are completely within our control. 

In due course a decision will have to be made at a high governmental 
level as to how we are going to assign the radiation exposure of the popula- 
tion to the different sources which produce it in the first place. We 
believe however, that the problem is not so pressing but that we can wait 
for a few years longer before attempting to solve it in any regulatory 
way. To attempt to do this at the present time, with the meager knowledge 
and experience we have, would undoubtedly hamper the uses of radiation 
to a degree that could well be unacceptable to our society as a whole. 
Radiation is far too valuable an agent in the service of man for us to 
put fetters upon it in such a way that it is never allowed to properly 
grow. But as a matter of general principle we must attempt to our best 


ability to hold down radiation exposure from all sources whatsoever. 
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BASIC "PERMISSIBLE DOSE® STANDARDS 


EXTERNAL IRRADIATION: 


Whole-body, gonads, bloodforming 
organs, eyes 5 rem/yr (Average) 


INTERNAL IRRADIATION: 
Whole-body, gonads, bloodforming 


organs 5 rem/yr (0.1 rem/wk) 
Thyroid, skin of whole-body 30 rem/yr (0.6 rem/wk) 
Bone (for certain radionuclides) (0.56 rem/wk) 
Other single organs 15 rem/yr (0.3 rem/wk) 


ICRP genetic dose guides 


(Excludes natural background and medical exposure) 


Available: 5 rems, average per capita dose up to age 30 


Occupational 1.0 rem 5 rem/yr to 1.7% of pop. for 12 yrs 
Special groups 5 * 5 ren/yr to 3% "= ® " 30 yrs 
Pop. at large 2.0 * 05" * to 100% " " 30 yrs 


Reserve 1.5 ® 
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Fourth Suggested Revision of Appendix B, Handbook 61 


Section 1. Scope 
It is the purpose of these regulations to state the requirements that 


shall be applied in the use of sources of radiation, to reduce, to an 
acceptable minimum, the risk to all persons from the use of all such sources 
of radiation. 

Section 2. Application 

These regulations shall apply to the manufacture, use, storage, handling, 
transportation and disposal of radiation machines and radioactive materials 
except as exempted by the provisions of Section 4. 

Section 3. Definitions 

For the purposes of these regulations the following definitions shall 
apply. (71-73) 

Absorbed dose of any ionizing radiation is the energy imparted to matter 
by ionizing particles per unit mass of irradiated material at the place of 
interest. The unit of absorbed dose is the rad. 

Adult is a person of age 18 or more. 5/ 

Agency is that governmental agency that is given the responsibility for 
administering these regulations. 

Body burden is the amount of radioactive material in the body at the time 
of interest. 6/ 

Critical organ is that part of the body that is most susceptible to radia- 
tion damage under the conditions considered. 

Dose evaluation is the determination, without personnel monitoring devices, 


of the radiation dose received by a person during a specified period. 


5] Section 6, National Bureau of Standards Handbook 59 


6/ Section D, National Bureau of Standards Handbook 52 
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Excessive radiation dose is a dose of radiation in excess of the mximm 
permissible dose. 

Harmful effect is any body injury, disease, or impairment, except where 
such condition is transitory, infrequent, or of short duration and does not 
endanger persons so affected. 

Installation is an area in which one or more sources of radiation is used. 
The use of a source of radiation is the storage or operation, or anything done 
with a source of radiation. 

Maximum permissible dose is a dose of radiation that, in the light of 
present knowledge, is not expected to cause appreciable bodily injury to a 
person at any time during his lifetime. 7]/ 

Mobile source is a radiation machine or a sealed source, the use of which 
is not confined to an installation. 

Personnel monitoring is the determination of the radiation dose received 
by the person during a specified period. The determination is made by filnm- 
badges, small ionization chambers, or other dosimeters worn by the person. 

Po tion is a civil population (usually more than 100,000 persons) 
living in grographic proximity and generally dependent upon the same sources 
of food and water. 

Qualified expert is a person fitted by training and experience to perform 
dependable radiation surveys, to oversee radiation monitoring, and to estimate 
the degree of radiation hazard. If the ability of a qualified expert is 
questioned, the Agency shall be the judge of his qualifications, in regard 


to which it may consider the testimony of other persons whom it deems expert. 


(R-5) Rad-is the unit of absorbed dose and is equal to 100 ergs per gram. 9/ 


Section 4.3, Natio: Bureau of 59, as modified. 
8/ National Bureau of Standards Handbook 51. 


9/ International Commission on Radiological Units (1953). See Am. J. Roentgenol. 
Radium Therapy Nuclear Med. 71, 139 (195%); Radiology 62, 106 (1954) 
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(R-6) Radiation is gamma rays and x-rays, alpha and beta particles, high- (R-S 
speed electrons, neutrons, protons, and other nuclear particles; but not (R-! 
sound or radio waves, or visible, infrared, or ultraviolet light. 

Radiation hazard is any condition that might result in the exposure 
of persons to radiation in excess of the maximum permissible dose. 

Radiation machine is any device that produces radiation when in use. 

Radioactive material is any material, solid, liquid, or gaseous gas, 
that emits radiation spontaneously. 

(R-7) RBE (relative biological effectiveness) is the biological effective- 
ness of one type and energy of radiation, relative to that of lightly 
filtered x-rays generated at potentiais of 200 to 300 kilovolts, for the 
particular biological system and biclogical effect, and for the conditions 
under which the radiation is received. 10/ (A list of RBE values for 
various kinds of radiation is given in Table 4 of Section 15). (Note to 
Subcommittee - please give an opinion re Reynolds' comment ) 

(R-8) Rem is the unit of RBE dose and is the quantity of any radiation 
such that the energy imparted to a biological system (cell, tissue, organ, 
or organism) per gram of living matter by the ionizing particles present 
in the region of interest, has the same biological effectiveness as an 
absorbed dose of 1 rad from lightly filtered X-rays generated at potentials 
of 200 to 300 kilovolts. The RBE dose in rems is equal to the dose in 
rads multiplied by the appropriate RBE. L/ 

Source of radiation is a quantity of redioactive material or a 
radiation machine. A sealed source is a quantity of radioactive material 


enclosed to prevent the escape of any radioactive material. 12/ 


107 Section 3.6, National Bureau of Standards Handbook 59. 
L1/ Section 4.8, Nationa] Bureau of Standards Handbook 59. 
12/ National Bureau of Standards Handbook 54. 
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(R-9) Survey is the evaluation of radiation in and near an installation. 13/ 


(R-10) User is @ person, organization or institution having administrative 


control over one or more installation or mobile source. 


Section 4. Exemptions 


(2). The following materials, machines and conditions are exempt from 


these regulations: 


( 


(2) 


(3) 


Naturel radioactive materials of an equivalent radio- 
activity not exceeding that of natural potassium. (The 
specific radicactivity of natural potassium is 6.9 x 1076 
curies per gram) 

A radioactive material in a single sealed source in an 
amount not exceeding 10 times the amount given in Section 14, 
Table 1, or in any number of sealed sources in a total amount 
not exceeding 100 times the amount given in Section 14, 
Table 1, providing that the dose rate at the point of nearest 
approach to the source(s) does not exceed 1/10 the mximm 
permissible limits specified in Section 6b. ‘The manufacture 
of the sources themselves shall not be exempt. 

A radioactive material, not in sealed source form, in an 
amount not exceeding the amount given in Section 14, Table 1, 
or in a concentration, when used in combination with non- 
radioactive materials, not exceeding the concentrations 
given in Section 14, Table 2, providing that the dose rate 
at the point of nearest approach to the material does not 
exceed 1/10 the maximm permissible limits specified in 


Section 6b. 





13/ National Bureau of Standards Handbook 51. 
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(5) 


(6) 


(7) 


(a) The user shall register each installation or mobile source 


(Notes to Subcommittee) 


Note 1. Table 1 will be similar to that in present 
Handbook 61. Table 2 will be similar to that proposed 
recently by the AEC for addition to Part 30 of CFR Title 10. 
NcRP/SC 10 and AEC will try to agree on same tables. 
Note 2. This rewrite of paragraphs 2 and 3 is intended 
to cover also the previous paragraph 4.) 
Electrical equipment that produces radiation incidental to 
its operation for other purposes, but that, by nature of 
design, does not produce radiation at the point of nearest 
approach at a dose rate in excess of 1/10 the maximum per- 
missible limits specified in Section 6b. The production 
testing or production servicing of such equipment shall 
not be exempt. 
Radiation machines not being used in such manner as to produce 
radiation. 
Radioactive material being transported across the state in 
conformance with regulations of any Federal agency having 
jurisdiction over safety in interstate transport. 
Other radiation machines or radioactive materials which the 
agency finds to be without radiation hazard. 


Section 5. Registration 


with the Agency within 30 days after receipt of the first 
source, and once every two years thereafter as long as he 


continues to possess any source of radiation. The regis- 


tration shall be submitted on a form obtained from the 








(b) 


(c) 


(a) 


) 
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Agency, and shall describe the confines of the installation, and the 
use, type, activity level and age (or date of purchase) of each source. 
The registration shall also give the name and address of the user and 
the name, address and qualifications of the qualified expert. 

The user shall further notify the agency in writing within 30 days 

of any changes in the installation or mobile source which may sub- 
stantially increase the potential for personnel exposure. 
Acknowledgment of registration shall not imply the Agency's approval 
of the conditions described in the registration. 


Section 6. Maximm Permissible 
Exposure Limits 


The user shall control all sources of radiation within an installation, 
and all mobile sources, in such & way as to provide reasonable assur- 
ance that no person will receive a dose of radiation in excess of any 
maximum permissible exposure limit specified in paragraphs (b) through 
(f) below. 
Accumulated Dose - External Exposure - Occupational 
For persons within an installation or who use a mobile source, 
1. The maximum permissible dose (MPD) to the whole body, head 
and trunk, active blood-forming organs, gonads, or lens of 
the eyes, accumulated at any age shall not exceed 5 rems 
multiplied by the mumber of years beyond 18 (i.e. MPD= (N-18) 
where N is the age in years and is greater than 18); and the 
dose in any period of 13 consecutive weeks shall not exceed 
3 rems. 
2. The maximum permissible dose to the skin of the whole body, 
accumulated at any age, shall not exceed 10 rems multiplied 


by the: number of years beyond 18, (i.e., MPD= N-18); 
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(c) 


(4) 


(e) 


FALLOUT FROM NUCLEAR WEAPONS TESTS 


and the dose in any period of 13 consecutive weeks shall not 
exceed © rems. 

The maximum permissible dcse to the hands and forearms, and 
the feet and ankles shall not exceed 75 rems per year; and 

the dose in any 13 consecutive weeks shall not exceed 25 rems. 
Accumulated Dose - Internal Exposure - Occupational 

For persons within an installation or who use a mobile source, 
radiation dose to tissues of the body from radioactive materials 
within the body shall be controlled by limiting the average 
rates at which such materials are taken into the body. Where 
this intake results from the occurrence of radioactive mterials 
in the air or water, the average concentration of the radio- 
isotopes in the air or water shall not exceed the maximm 
permissible concentrations listed in Sectior 14, table 5. 
Accumulated Dose - External Exposure - Non-Occupational 

For persons outside an installation who do not use a mobile 
source, the maximum permissible dose to the whole body, head 
and trunk, active blood-forming organs, gonads, or lens of 

the eye, due to mobile sources, sources within an installation 
or radioactive materials escaping an installation, shall not 
exceed 0.5 rem in any one year. 

Accumulated Dose - Internal Exposure - Non-Occupational 

For persons outside an installation who do not use a mobile 
source, the radiation dose to tissues of the body from radio- 
active materials within the body shall be controlled by limite 
ing the average rates at which such materials are taken into 


the body. Where this intake results from the occurrence of 
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radioactive materials in the air or water, the average concen- 
trations of the radioisotopes in the air or water shall not 
exceed one-tenth the maximum permissible concentrations listed 


in Section 14, Table 5. 


Accidental and Emergency Exposure (For consideration by the 
Subcommittee ) 
Notwithstanding the provisions of Section 6 (a) (b) and (c), 


en individual need not be restricted from radiation work if he 
receives an occasional accidental or emergency dose to the whole 
body, head and trunk, active biood-forming organs, gonads, or 
lens of the eyes, not exceeding 25 rads. However, if in any 

13 consecutive weeksor in any year, several persons receive a 
dose in excess of any of the maximum permissible limits of 
Section 6 (b) throngh (e), the Agency may at its discretion 
compell the user to alter the installation or mobile source, 


or the operating procedures. 


Section 7. Survey and Monitoring 
The user shall provide for surveys and monitoring sufficient to 


determine the levels of radiation to which persons in and around 
the installation or mobile source are, or may be, exposed. Such 
surveys and monitoring shall be made by, or under the advice of, 
@ qualified expert. 

The user shall provide for the routine personnel monitoring or, 

on the advice of a qualified expert, the dose evaluation of all 

persons within an installation or who use a mobile source. How- 
ever, on the advice of a qualified expert, he my discontinue 


such personnel monitoring and dose evaluation, if the results 
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(a) 


(b) 
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for six consecutive months show that no person has received a dose 
in excess of 25% of the maximm permissible limits specified in 
Section 6b. He shall reinstate the personnel monitoring or dose 


evaluation after any change in equipment or operating procedure 


that would increase the dose to any person. 


The user shall not be required to provide routine personnel moni- 
toring or dose evaluation of persons occupationally exposed to 
radiation from radiation machines when all of the following 


conditions are met: 


(1) A qualified expert has specified the operating conditions 


~ 


under which there is no reasonable chance that any person will 
be exposed to more than twenty-five percent (25%) of the maximm 
permissible limits specified in Section 6b. 
(2) The operating conditions in (1) above are made known to 
all persons who may be occupationally exposed to the radiations. 
(3) The installation continues to perate only under the speci- 


fied conditions. 


Section 8. Radiation Exposure Records 
ae SO PE 


The user shall record the personnel monitoring and dose evaluation 
results for each individual as obtained under Section 7a. When 
personnel monitoring and dose evaluation is discontinued under 

the provisions of Sections 7b and 7c, the user shall estimate 

and record the dose received by each individual. 

The user shall preserve the exposure records on each individual 


as long as the individual remains in his «mploy. When an employee 


terminates his employment, the user shall turn over the records, 








(c) 


(4) 


(e) 


(f) 


(g) 
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or a certified copy, to the Agency for retention. As an aid in 
keeping track of an individual's exposure, these records shall 
include his Social Secutiry number. 

Upon termination of employment of a person, the user shall 
supply to the Agency, upon request, a summary statement of that 
person's total radiation dose. (The estimated maximm dose 
shall be stated if no personnel monitoring or dose evaluation 
has been carried out.) This record shall include statements 

of any circumstances wherein the dose to the employee, from any 
source of radiation, exceeded those specified in these regula- 
tions. 19/ 

When it is known or believed that dose to a person in the instal- 
lation may have exceeded 5 times the amount permitted by appli- 
cable portions of Section 6 of these regulations, the user shall 
report to the Agency within 7 days of the discovery, all of the 
facts relative to the occurrence thereof and shall place a copy 
of the report in that person's personnel file. The user shall 
immediately seek out and correct the cause of the overexposure. 
(Note to Subcommittee - Alternate paragraph in line with AEC 
requirements to be prepared later.) 

The user shall keep records of the amount and kind of radioactive 
materials received by and discharged from or transported out of 
an installation, including radioactive waste products released 
to the environs. 

All the records required in this section shall be made available 
to the Agency on request. 


Any release of radioactive material to the environs in concentrations 
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(a) 


() 


(c) 


(a) 
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or total quantities exceeding _—s times amounts listed in (to be 
completed later after discussions with the AEC) shall be reported 
to the Agency within  _—ihours. (Note that this paragraph has 
been moved to this Section from Section 12) 

The loss or theft of any registered source of radiation shall be 


reported to the Agency within hours. 


Section 9. Control of Exposure 


(Note that the previous Section 9. Medical Exposure has been 
deleted. I believe that is what we agreed to do) 


The user shall provide for the services of a qualified expert 

who will supervise for the radiation safety program of the instal- 
lation. 

The user shall provide, or have readily available, instruments 
suitable for the detection and measurement of radiation and radio- 
active contamination in accordance with other provisions of these 
regulations, and he shall further see that these instruments are 
maintained in proper calibration. 

Every employee and authorized visitor shall use such safety devices 
as are furnished for his protection and for carrying out all radia- 
tion safety rules that concern or affect his conduct. 


Section 10. Storage of Radioactive 
Materials 





The user shall see that radioactive materials are controlled or 
kept in such a manner as will provide assurance that no person will 
inadvertently receive a dose in excess of the maximum permissible 
limits set forth in Section 6 either during routine access to the 
installation, or in the event of a fire, earthquake, flood, wind- 


storm, explosion or other emergency. 
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Vaults or rooms used for storing materials that may emit radio- 
active gases shall be ventilated in such a manner that the gases 
do not constitute a radiation hazard. 

When there is any possibility that chemical, radiation, or other 
action might lead to leakage, the container shall be provided 
with a secondary tray or catchment adequate to retain the entire 
amount of radioactive material. 


Section 11. Control of Radioactive 
Contamination 


All work with radioactive materials shall be carried out under 
such conditions as to minimize the possibility of any contam- 
ination that would result in any person's being subjected to 
radiation levels exceeding those specified in Section 6 of these 


regulations. 


Where the nature of the work is such that a person or his clothing 


may have become contaminated to such degree as to present a hazard, 
both shall be monitored according to procedures established by the 
qualified expert. Contamination external to the body which could 
lead to a dose in excess of any value specified in Section 6 shall 
be removed according to procedures established by the qualified 
expert. Clothing or other material contaminated to a degree which 
could result in the exposure of any person to a dose in excess of 
any value specified in Section 6 should be retained inside the 
installation until it can be decontaminated or disposed of. 


Section 12. Radiation Information 
Labeling 


The user shall indicate the presence of radiation by posting 


conspicuous signs or labels either on each source or on its 
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container. He shall similarly post signs in and near storage 
areas, work areas, or any other areas, where radiation hazards 
exist on a frequent or infrequent basis. The signs and labels 
shall bear appropriate wording (such as "caution-x-ray", "danger- 
radiation", "“caution-radioactive material") to further explain 
the natuire of the hazard. 

The standard symbol for designating any radiation hazard shall 


be: 
(To be pictured with dimension ratios) 


The standard color specification shall be a background of yellow 
with the lettering and distinctive symbol in purple (magenta) .20/ 
The use of this symbol for any other purpose is expressly pro- 
hibited. The symbol and lettering shall be as large as prac- 
tical, consistent with size of the equipment or material. 

All containers, source holders, manufactured products or other 
items containing a quantity of radioactive material greater than 
one-tenth (1/10) the amounts listed in Section 15 Table 1 shall 
be labeled with the standard radiation symbol specified in para- 
graph (b) above. A label shall not be required for laboratory 
containers, such as beakers, flasks, and test tubes, used trans- 
ciently in laboratory procedures, when the user or his represen- 
tative is present. 

All radiation work areas, source storage areas, or other normally 
occupied areas where a radiation hazard may exist shall be posted 
with signs or labels bearing the standard radiation symbol (except 
where such labels may be a source of disturbance to patients under- 


going radiation treatment. ) 


(e) 
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(Note to Subcommittee - I believe we agreed to keep in the part 

in ( ). Correct me, if I am wrong.) 
All areas that are readily accessible but not normally occupied, 
and where a radiation hazard may exist on a frequent or infrequent 
basis, shall be suitably fenced off and posted with signs having 
the standard radiation symbol. 
All signs and labels bearing the radiation symbol shall be removed 
when the hazard is no longer present. 


Section 13. Dis of Radioactive Wastes 


(Notes to Subcommittee (2) The note in ( ) has been relegated 


to the preface as background information, as agreed. (2) I thought 
we agreed to use Newell's proposed rewrite of paragraph (a), but I 
don't quite know what to do with paragraph (d) if we do this. 
Therefore, I have modified (ad) (1) somewhat, in an attempt to 
clarify the wording and meaning.) 

Users shall dispose of radioactive material in such a manner that 
the material discharged, in combination with that discharged by 
other owners, will not cause contamination of-the environs in 
excess of any maximum permissible limit in Sections 6d and Ge. If 
several users are discharging radioactive waste to the same en- 
virons, they shall, upon being notified of the fact, cooperate 

in limiting the release and shall file with the Agency a state- 
ment of their agreed pro-rata releases. If this is not done 
within a reasonable time, the Agency arbitrarily may assign 
quantity limits to them severally. 

Users who release radioactive materials my take reasonable 


advantage of the environmental factors (dilution, dispersion, etc.) 
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to minimize the cost of disposal, provided they meet the per- 
formance requirements indicated in paragraph (a) above. 

(c) An owner may dispose of radioactive waste by dumping or burial 
only in areas and by procedures approved by the Agency for that 
purpose. Such areas shall be designed and operated so that they 
comply with the other provisions of these regulations. (Note to 
Subcommittee - AEC representatives are to review this provision 
to see if it poses any problem with respect to their procedures. 

(4) For purposes of controlling the non-occupational exposure of 
persons outside the installation, the limits of radioactivity 
resulting from disposal of radioactive material shall be deter- 
mined on the following basis: 

(1) The average concentration of the isotope (or isotopes) in 
air at points where it is commonly used by humans or in water 
at points of supply (exclusive of treatment, if any) prior to 
use by humans shall not exceed the maximum permissible limits 
specified in Sections 64 and 6e (i.e. 10% of the concentrations 
listed in Section 14, Table 5) of these regulations. When it 
is not possible to determine the concentrations at the point of 
use or supply, the average concentrations at the point of release 
from control of the user shall not exceed these limits. Concen- 
trations lasting only over a period of a few days may be allowed 
to exceed these specified limits provided the average concentra- 
tion over any interval of one year does not exceed them. 

(2) The total quantity of the isotope (or isotopes) released 
in a period of any 24 consecutive hours, shall not exceed the 
quantities listed in Section 14, Table ae (Note to Subcommittee 


I believed we agreed to put this in, but I don't know what Table 
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to use or, for that matter, what values to suggest.) 

(3) Average rates of radiation dose to persons from radio- 
isotopes outside their bodies shall not exceed the maximm 
permissible limits specified in Section 6d of these regula- 
tions. 

(4) Average concentrations in portions of public waterways 
not used as sources for human consumption shall be consistent 
with health, economic, and recreational uses of the water and 
the future plans for its use that are under consideration by 
responsible authorities. 

(5) For any radioisotope where the effective half-life in 
the body is less than 60 days, the term "average" as used above 
shall mean the arithmetic mean of a series of determinations 
representative of plant operations and environmental conditions 
over any period of 13 consecutive weeks; for other radioisotopes 
this arithmetic mean shall be taken over a period of any 12 con- 
secutive months. 

(6) If the permissible average concentration of a mixture of 
radioisotopes in air or water depends almost entirely on the 
concentration of one of the radioisotopes involved, for routine 
practical estimates the contributions of the other radioisotopes 
in the mixture may be neglected. Where more than one isotope 
is important, the permissible concentration shall be arrived 


at by adding the exposures to be received from each significant 


component .22/ 


Prior to and during design and construction of facilities for 


disposal of radioactive wastes, users of radioactive materials 








—_ 


( 
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shall review their disposal plans with the Agency. How- 
ever, the user shall remain responsible for meeting the 
performance standards related to radioactivity established 

by the Agency and shall allow representatives of the Agency 
to inspect and evaluate his methods of treatment and release. 
Nothing in these regulations shall be construed as permitting 
release of materials that would be unlawful for other reasons. 


Section 14. Tables Referred to in Previous 
Sections. 


Tables to be supplied later) 


she 


to 


eu 


tra 


ex 


ap 


b) 


in 


° 
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Filth Suggested Revision of Appendix B, Hanudook 61 


Section 1. Scope 


It is the purpose of these regulations to stute the requirements that 
shall oe applied in the use of sources of raciation in or-jier to reduce, 
to an acceptable minimum, the risk to all persons from the use ot all 


euch sources of radiation. 


Section 2. Application 


These regulations shall apply to the manufacture, use, storage, handling, 
transportation and disposal of radiation machines anc radioactive :naterials 


except as exetmptel by the prgvisions of Section 4. 


Section 3.  .tefinitions 


For tne purposes of these regulations the following cefinitions shall 
apply= 


Absorbed dose of any ionizing radiation is the energy imparte’! to matter 
by lonizgiag particles per unit .naes of irra-iiated ciaterial at the place of 
interest. The unit of absorbed dose is the rad. 

Adult 18 a person of aye 18 a: more. 

Agency ie that governmental agency that is given the responsibility for 
adavuistering these regulations. 


Controlled area is a defined area ia which the occupational exposure 


of personnel to radiation or to radioactive material 18 uuder the super- 


vision of an individual in charge of radiation protection. (This implies 
that a controlled area is one that requires control of access, occupancy, 


and workia, conditions for radiation protection purposes.) 
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Dose, as usea in these regulations, i¢ a quantity of wnizing radiation 
in which the energy is imparted to body tissue. 

Dose rate is the dose delivered per unit time. 

Installation is aa area in which one or :nore sources of radiation is used, 
The use of a source of radiation is the storage or operation, or anytning, done 
with a source of radiation. 

Maximum permissible dose is a dose of radiation that, in the lignt of 
present knowledge, i8 not expected to cause appreciable bodily injury to a 
person at any time during his lifetime. Appreciable bodily injury means 
any bodily injury or effect that cornpetent medical authorities would re,;ard 
as being deleterious to the health and well bein, of the iiadividual. 

_Mobile source is @ radiation tnachine or a sealed source, the use of 
which is confined to a controlled area but not neccessarily to an instal- 
lation. 

Monitoring is the periodic or continuous Jeteriminetion of the dose rite 
in an occupied area or of the dose received by a person. 

Persounel monitoring is the determination of the ra.iation dose received 
by the »ersoo during a specified period dy film badces, sinali ionization 
chambers, or other dosimeters worn by the person. 

Qualified expert is a person fitted by training aad experience to perform 
dependable radiation surveys, to oversee radiation monitoring, and to estimate 
the degree of radiation hagari. If the ability of a qualified expert is ques- 
tioned, the Agency shall be the jucye of hie qualifications, in regard to 


which it may coasider the testimony of other persons whom it deems expert. 


orm 


imate 
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Rad is the unit of absorbed dose and is equal to 100 erys per gram. 

Radiation is gatnma rays anid x-rays, alpna and beta particles, aigh- 
spee electrons, neutrons, vrotons, and other nuclear particles; but not 
sound or redio waves, or visible infrarec, or ultraviolet light. 

Radiation machineis any device that produces radiation only wca in 
operation. 

Radioactive material is any material, solid, liguia, or ,aseous, that 
e nits radiation spontaneously. 

RBI. (relative biological efiectiveness) 18 a numerical factor which 
stands for the appropriate value of the biological effectiveness of the 
radiation in question relative to that of x-radiation with an average specilic 
ionisation of 100 ion paire per micron of water, for the particular bio- 
logical system and biological effect under consideration and for the 
condition under which the radiation is received. (Alist of RDF values for 
various kinds of radiation is giver in Table 4 of Section 15). 

Rem is the unit of RBE dose and is the quantity of any radiation such 
that the enerz;y imparted to a biological systern (cell, tissue, organ, or 
organism) per gram of living matter by the ionizing particles present 
in the region of iaterest, hae the same bioloyical effectiveness as an 
absorved dose of | rad from lightly filtered x-rays generated at potentials 
of 200 to 300 kilovolts. The R&*. dose in rene is equal to the dose in 
rads multiplied by the appropriate RBE. 

Source of radiation is a quantity of radioactive material or a radiation 


macnine. A sealéd source is a quantity of radioactive material enclosed 
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to prevent the escape of any radioactive material. 
Survey ie the evaluation of radiation in and near an instailation. 
User is a person, or,anization or institution having administrative 


control over one or more installation or mobile source. 


Section 4. Exemptions 


(a) The following materiais, machines and conditions are exempt from 
tnese regulations: 

(1) Natural radioactive :naterials of an equivalent specific radio- 
activity not exceeding that of natural potassium. (The specific 
radioactivity of natural potassium is 6.9 x 107° curies per 
gram) 

(2) A radioactive material in @ single sealed source in an amount 
not exceeding 10 times the aimuat given .n Section 14, Table l, 
or in any sumber of sealed sources in a total ampunt ,iven in 
Section 14, Table 1, providiag tnat the dose rate at the point 
of nearest approach to the source (s) does not exceed 1/10 the 
maximum permissible limite specified in Section 6b. The 
manufacture of the sources themselves shall not be exempt. 

(3) A radioactive materiai, not ia sealed source form, in an 
amount not exceeding the amount given ia Section i4, Tavle h, 

(4) Radioactive material in a concentration, wheu used in cornbina- 
tion with non-radioactive materials, not exceeding the concen- 
trations given in Section 14, Table 2, providing tnat the close 


rate at the point of nearest approach to the material does not 





FALLOUT FROM NUCLEAR WEAPONS TESTS 1783 


exceed 1/10 the maximum permissible limits specified in 
Section 6b. 

(Note to Subcommittee 
Table 1 will be similar to that in present tiandbook 61. 
Table Z will be similar to the table which the AEC 
recently added to Part 30 of CFR Title 10.) 
Electrical equipment that produces radiation incidental to 
ite operation for other purposes, but that, by nature of 
design, does not produce radiation at the point of nearest 
approach at a dose rate in excess of 1/10 the maxi:inum 
permissible limits specified in Sectian 6b. The produc- 
tion testing or production servicing of such equipinent 
shall not be exempt. 
Radiation machines not being used in such manner as to 
produce radiation. 
Radioactive material being transported acroes the state in 
conformance with rexulations of any lederal agency having 
jurisdiction over safety in interstate transport. 
Other radiation machines or radioactive materials which the 


agency finds should be exempted. 


Section 5. Reyistration 


(a) The user shall register each installation or mobile 
source with the Agency within 30 days after receipt 


of the first source, and once every two years thereafter 








(b) 


(c) 
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as long as he continues to possess any source of 
radiation. The registration ehall be submitted on 

a form obtained from the Agency, and shall describe 
the confines of the installation and any adjacent areas 
where radiation inay be present as a result of sources 
within the installation. The registration shall also 
state the use, type, activity level and age (or date of 
purchase) of each source and snall also give the aame 
and address of the user and the name, address and 
Qualifications of the qualified expert. 

The user shall further notify the agency in writing 
within 30 days of any changes in the installation 
or mobile source which may substantially :ocrease the 
potential for personnel exposure. 
Acknowledgment of registration shall not imply the 
Agency's approval of the conditions described in the 


registration. 


(At 5:15 p.m., Thursday, May 7, 1959, a recess was taken until 
Friday, May 8, 1959, at 10 a.m.) 
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FRIDAY, MAY 8, 1959 


Concress OF THE UniTep States, 
SpeciaL SuBCOMMITTEE ON RaptrATIon, 
Jornt ComMiTTeE oN ATomic ENERGY, 
Washington, D.C. 

The subcommittee met, pursuant to recess, at 10 a.m., in room P-63, 
the Capitol, Hon. Chet Holifield (chairman of the subcommittee) 
presiding. 

Present: Representatives Holifield, Durham, Price, Van Zandt, 
Bates, and Westland ; Senators Anderson (chairman of the Joint Com- 
mittee) and Gore. 

Also present: James T. Ramey, executive director; George E. 
Brown, Jr., and George F. Murphy, professional staff members; 
Richard T. Lunger, technical adviser; and Dr. Paul Tompkins, com- 
mittee consultant, Joint Committee on Atomic Energy. 

Representative HoririeLp. The committee will be in order. 

Before we start this morning’s session I would like to express on 
behalf of all members of the Joint Committee our profound sense of 
loss over the news of the passing away last night of Donald A. Quarles, 
Deputy Secretary of Defense. Mr. Quarles was a fine and honorable 
man, and this country owes him a great deal of gratitude for his many 
contributions to the Nation’s security. I have known Dr. Quarles for 
several years, and had him before the Subcommittee on Military Oper- 
ations, another subcommittee of which I am chairman, and he has been 
before the Joint Committee on Atomic Energy many, many times. We 
feel a deep sense of personal loss, as well as public loss, at the un- 
timely passing of Dr. Quarles. 

I would like to make a brief statement with regard to the subcom- 
mittee’s approach to these hearings which, in view of some recent edi- 
torial comments, I don’t believe has been completely understood. 

As I mentioned in my opening statement, the committee’s major 
aim is to get the facts on fallout on the table where everyone can see 
them. Where there are no facts available we are seeking expert opin- 
ion from the men who are doing research in the field. As I have stated 
before, we have attempted to get a variety of views on a given subject 
area, so that overall presentation would be well balanced. 

In this connection, the subcommittee wishes to express its thanks 
to an informal advisory group which was invited to assist the com- 
mittee in preparing for the hearings and to make suggestions as to 
subject matters to be covered and witnesses to be invited. We had 
such highly competent people on this advisory group as Dr. Walter 
V. Selove, of the University of Pennsylvania, who is the new chairman 
of the Federation of American Scientists. We had people like Dr. 
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Neuman, of the University of Rochester, Dr. Bentley Glass, of Johns 
Hopkins University, giving us the benefit of their great experience, 
together with representatives of the Public Health Service, the Atomic 
Energy Commission, the Department of Defense, the National Acad- 
emy of Sciences, the National Bureau of Standards, and the U.S. 
Weather Bureau. I have great confidence in these men and in 
their suggestions regarding the expert witnesses of varying points 
of view who could make an important contribution to the hearing. 

I would like at this point to reaffirm the subcommittee’s intention 
to get all the available data we can on the major issues involved on 
the fallout question for the use of the Congress, the scientific com- 
munity, and the public. I think it is important that no pertinent 
points be swept under the rug. This is in the best tradition of scien- 
tific inquiry, and I would say that in addition to the witnesses who 
have appeared personally before this committee to testify, that we 
have received many papers from scientists throughout the United 
States, all of which will be printed in the record, from men of such 
diverse views as Dr. Linus Pauling, Morris B. Visscher and others. 
Their statements will be accepted and placed into the record on the 
same parity as any other data which is presented before this com- 
mittee. (See vol. 3, apps. B, F,and G.) 

The committee does not intend to be swayed by emotional argu- 
ments on the relative dangers or lack of dangers from fallout. We 
are trying to keep this inquiry as objective as we possibly can, and 
we will let the chips fall where they may. Due to limitations on the 
committee’s time, we have not been able to hear all of the scientists 
in the United States who are competent in the fallout field. As the 
press and public have noted, we have in addition to the oral presen- 
tations which have been made sought an equal number of statements 
for the record from experts in the field so that as complete a printed 
record as possible will result. We have had valuable sabasiwetiann 
from scientists in individual States such as North Dakota and Minne- 
sota, whose papers will also be made a part of the record. 

The subcommittee is grateful to all of these scientists of varying 
opinions who have contributed their time and effort to giving the com- 
mittee, the Congress, and the public a better understanding of the 
fallout question. There are still many unresolved questions and dif- 
ferences of opinion. There are scientists who have changed their 
minds about certain complex aspects of the problem since our last 
hearings in 1957. This is as it should be, and I think no apologies 
should be made by these dedicated men. 

We ran a little behind schedule yesterday, so we will begin this 
morning’s session with a discussion on the status and implications 
of testing. To prepare for this discussion, the committee has re- 
quested that a panel of specialists in this area hold a seminar prior 
to discussion of the matter in these hearings, and that they draw up 
a brief summary statement reflecting the consensus of the group. 

At this point I will place in the record an outline of our request. 

(The document referred to follows :) 
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OUTLINE OF INFORMATION WANTED UNDER ITEM VIII or HEARINGS “STATUS AND 
IMPLICATIONS OF TESTING” 


SPECIAL SEMINAR 

I. Purpose: 

A. To obtain as quantitative an evaluation as possible of the increase in 
the radiation environment of the world from the radioactive isotopes introduced 
by the testing of nuclear devices. 

B. Forecast what the future status would be as a function of time if all such 
testing is discontinued. 

C. Forecast what the future status would be if the testing experience of the 
past 5 years is essentially duplicated in the next 5 years. 

II. Desired form of the forecasts : 

A. Estimates are desired for at least four time periods: 

. The period 1947-53 (pre-Castle). 

. The period 1953-58, inclusive (current). 

. The period 1958-63 (future). 

. The equilibrium condition for the assumed testing rate. 

B. Inventory: 

1. Total quantities of fission products (or MT equivalent) created during 
each period. (MT detonated.) 

2. Quantities of fission products (or MT equivalent) unavailable for worldwide 
fallout through “close in” deposition and the total quantity available for offsite 
distribution. 

3. The total quantity deposited during the period, their distribution and re- 
sultant concentrations in terms of activity per unit area. The resultant increase 
in gamma background as well as isotope concentrations of interest should be 
estimated. 

C. Status at the end of each period showing— 

1. Amount not yet deposited and its distribution. 

2. Distribution of material deposited on the ground. 

3. Resultant concentrations in selected foods, such as milk and grain. 
(Selection to be made by the group.) This may also be shown by graphs 
of concentrations in soil, food, and bones as a function of time at selected 
localities (preferably from a high concentration area). 

III. Future testing implications: 

A. The concentration of Sr”, Cs™, ete., in food and bone, as well as the gamma 
radiation levels, should be forecast at least one period beyond that over which 
testing is assumed. 

B. The future implications of testing should be forecast by assuming that 
such programs will not differ substantially from the pattern established over 
the period 1953-58. 

TV. The group may wish to relate the results of these environmental estimates 
to alternative standards of permissive levels of exposure of a population, or 
criteria for limiting the radiation exposure of a population. The Joint Com- 
mittee, during the roundtable under item VIII, will undoubtedly desire to obtain 
information on the relationship between the environmental estimates and alterna- 
tive standards or criteria of permissive radiation exposure of populations. 

V. A short statement should be included showing how the fallout consequences 
can be substantially altered. This should include, but not necessarily be limited 
to, underground testing, stratospheric testing, and limitations on amount and 
location of weapon debris injected into the atmosphere. This need not be 
quantitated but general ranges coupling the yield to detonation conditions should 
be attempted. Evaluation can be made by estimates of probable quantities of 
fission products available for deposition resulting from such alterations. 


ROUNDTABLE DISCUSSION BY FALLOUT PREDICTION PANEL 


Representative Horirtetp. I understand that Dr. William Neuman 
has been selected by the group to present this summary. Following 
Dr. Neuman’s presentation, we will address questions to the panel and 
discuss the various aspects of their report. Following these discus- 
sions we will have presentations on the research programs being un- 
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dertaken by various Government agencies in the field of fallout, and 
the present status of organizational arrangements. 

I suggest that Dr. Neuman come forward, and other members of the 
panel also, at this time, to avoid later confusion. Those members are 
Dr. Wright Langham, Dr, Willard F. Libby, Mr. Joshua Holland, Dr. 
Frank Shelton, Dr. Lester Machta, Mr. Hal Hollister, Mr. Merril 
Kisenbud, Dr. Walter Selove, and Dr. James Terrill. 

We have also a statement sent up to the committee by Dr. Libby in 
response to our request. It is very short. Does this have matters in 
it which need to be discussed by the panel, Dr. Libby? I have not had 
a chance to read it. 

Dr. Lissy. The panel was not entirely clear, Mr. Holifield, but we 
rather decided that it ought to be a statement that was made more by 
the Department of Defense and the AEC than by the panel. The 
nature of the questions to the panel decided that. They asked those 
who were connected with AEC and DOD to prepare something in 
answer to your question. That is what we are doing, preparing some- 
thing of a technical nature on this question of fallout from tests. 
That is what it is. I think it is in the context of the panel, and it was 
part of the question you addressed to the panel, but the panel decided 
it did not want to deal with it. So we took it on separately. 

Representative Hoiirtetp. Then we will have your short statement 
read after Dr. Neuman’s statement, and then it will be open for dis- 
cussion of the panel. 

You may proceed, Dr. Neuman. 

Dr, Neuman. Before I read the formal report of the seminar, I 
would like to make a few very brief and personal comments, if I may. 

Representative Hotrrrecp. Proceed, please. 

Dr. Neuman. It was exciting and, I might add, an exhausting ex- 
perience, this seminar. I feel we might have spent more time at a 
little more leisurely deliberation with some profit. Nonetheless, in 
my opinion, a great deal was accomplished because the scientific atmos- 
phere was excellent, impersonal and factual, yet friendly and 
cooperative. 

he questions asked by your committee embrace so many fields of 
specialty that no one seminar participant could possibly claim authori- 
tative competence in al] of the various fields. To say that this report 
represents the consensus opinion then is to say that each of the partici- 
pants took part in developing his own area of professional] specializa- 
tion. In other words, if the meteorological predictions prove to be 
horribly wrong, it is not my fault, and so on and so on, for the rest of 
my colleagues. This report then profits from the advantages and suf- 
fers from the disadvantages to which all group “togetherness” efforts 
fall heir. 

I fear the seminar removed some spontaneity from the testimony 
thus far, and I feel also that the report will be somewhat redundant, 
but it has had a good influence in bringing us all together ahead 
of time. 

Not stated in the report, but I believe by tacit implication, this 
seminar adopted the assumption that strontium 90 and cesium 137 
represent the principal sources of hazards from past tests. In the 
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present setting, that is, with the cessation of tests, this assumption is 
exceedingly difficult to challenge. 

Representative Horirretp. Before you start your formal statement, 
the Chair would like to state that the purpose of this seminar was to 
obtain as quantitative an evaluation as possible of the increase in the 
radiation environment of the world from the radioactive isoto 
introduced by the testing of nuclear devices; (6) forecast what 
the future status would be as a function of time if all such testing 
is discontiuued; (c) forecast what the future status would be if the 
testing experience of the past 5 years is essentially duplicated in the 
next 5 years, and so on. 


It was upon this call that the seminar was asked to come together 
and those are the subjects to be discussed. 


STATEMENT OF 1959 FALLOUT PREDICTION PANEL READ BY 
DR. WILLIAM F. NEUMAN 


Dr. Neuman (reading) : 


Once again at the request of the Joint Committee on Atomic Energy a panel 
of specialists met to review predictions of radioactive contamination in the 
environment and in man. Many of the scientists who were present at the 1957 
hearings again participated. A list of the participants follows: 

Lyle T. Alexander, USDA. 

Allen V. Butterworth, AEC. 

Charles L. Dunham, M.D., AEC. 

Gordon M. Dunning, AEC. 

Merril Eisenbud, AEC. 

Edward P. Hardy, AEC. 

John Harley, AEC. 

J. Z. Holland, AEC. 

Hal Hollister, AEC. 

Harold A. Knapp, AEC. 

Wright Langham, AEC. 

Willard F. Libby, AEC. 

Lester Machta, U.S. Weather Bureau. 
Charles L. Marshall, ABC. 

E. A. Martell, Air Force Cambridge Reservation Center. 
William Neuman, Universtiy of Rochester. 
J. Calvin Potts, AEC. 

A. Schulert, Lamont Geological Observatory. 
Walter Selove, University of Pennsylvania. 
Robert F. Reitemeier, AEC. 

Frank Shelton, AFSWP, DOD. 

James Terrill, USPHS. 

P. Tompkins, Naval Radiological Defense Laboratory. 

The present group was charged with the responsibility of evaluating the 
“status and implications of testing.” (An outline of subject matter to be con- 
sidered was furnished the group by the Joint Committee, p. 1787.) On the 
assumption that the final assessment of hazard must be made in biological 
terms and in view of the uncertainties in the transposition of low-level radiation 
into expected biological effects it was possible to ignore small differences, alter- 
nate hypotheses, and alternate models. For example, for different assumed 
models of stratospheric distribution it was the similarities in predictions rather 
than the differences which seemed important. 

In this frame of reference, an attempt was made to summarize the total 
inventory of fission products produced by test explosives to date. Despite the 
uncertainties having to do with many of the individual tests being summated, 
the overall totals were of a relatively high order of certainty. These totals 
are given in table I. 

(Table I follows:) 
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TABLE I.—Total yield of test explosions to date 
(Megatons} 


—_—-— 


meat Bas AS anh tte tips i ale ed te ace te 80 190 170 
United States, plus United Kingdom 


1 Of which less than 1 megaton was introduced before 1952. 






Dr. Neuman. These figures have been given earlier: For fusion 
all countries, approximately 80 megatons; for fission all countries, 90 
megatons; giving a grand total of approximately 170 megatons ex- 
ploded to date. For the United States and United Kingdon, the fis- 
sion megatonnage is approximately 65 megatons. It is important 
to note that, of all these totals, less than 1 megaton of fission was 
introduced before 1952. [Reading:] 


Next, an attempt was made to estimate a rough material balance of the total 
fission products produced between: (@) That deposited at or near the test 
sites, (b) that already fallen to earth as worldwide fallout, and (c) that still 
in the atmosphere. There were several methods of approaching this problem. 
Direct measurements of the stratosphere are now available, fission product 
ratios permit estimates of fractionation, and finally, direct measurements of 
fallout on the test sites on various occasions have been used. Despite the paucity 
of data and the uncertainties of each approach, the agreement was remarkably 
good and as a summary the overall, approximate distribution is given in table 


II. 
(Table II follows:) 


TABLE II.—Estimated overall fission product distribution (November 1958) 


Equivalent 
egatons 





ii scp ctctecieaalatninty, bwnpiininte giisniiniiiensiinlecin alin eed Sn 
On ground, Worldwide 
At or near testing sites !___ 


eo eo Oo 
sss 


1 Tropospheric plus stratospheric. 


Dr. Neuman. We find that in terms of megatons fission products 
produced, approximately 30 megatons are still in the atmosphere or 
were injected into the atmosphere and have not fallen ; 30 megatons are 
on the ground in worldwide distribution, and 30 megatons settled near 
the test sites. In terms of strontium 90, that gives three megacuries in 
the atmosphere, three megacuries on the ground and three megacuries 


at or near the test sites. These values are not corrected for decay. 
[ Reading :] 


To translate these inventories of Sr-90 into terms which can be used to predict 
future bone levels of Sr-90, it is necessary to summate two quantities: (a) the 
distribution of fallout already on the ground and (b) the distribution of the 
fission products still in the stratosphere and their probable future pattern on 
the ground. 

The first quantity is derived from actual soil analyses for Sr-90. The second 
quantity, the distribution of fission products now in the stratosphere, is based 
on measurements too few and too uncertain (the Russian tests are of so recent 
origin that only limited data are available) to eliminate some serious uncertain- 
ties in interpretation. The mid-1958 (the latest period for which completed 
measurements are available) stratospheric inventory according to latitude is 
given in figure 1. 
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(The material referred to follows :) 


FIGURE 1 


ESTIMATED STRATOSPHERE S:-90 CONTENT 


MiD-1958 : 
| 


9 70 =| SO 30 w vv o ww 
WORTH LATITUDE SOUTH LATITUDE 


Sr—90 me/mi 


pit sk } | Rimast 


Dr. Neuman. You will note the strong polar concentration. This 
is mid-1958, before the Russian shots last fall. Despite the polar 
concentrations, fallout, for meteorological reasons which have been 
discussed earlier, has been concentrating in the northern latitudes. 
[Reading :] 


It was generally agreed that the bulk of the airborne inventory will fall in the 
Northern Hemisphere with banding in the North Temperate Zone at least as 
nonuniformly as has occurred for the total fallout to date. As a first approxi- 
mation, it seemed reasonable to conclude that the present stratospheric inven- 
tory, when all deposited, will cause ground levels, worldwide, to double those 
observed in November 1958. 

The estimated present (November 1958) and predicted ground levels are given 
in figure 2. 
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(The material referred to follows :) 


FIGURE 2 


__-~woure tye2s5 PRESENT AND PREDICTED 
oe SOIL LEVELS 


OF $90 





NORTH LATITUDE SOUTH LATITUDE 
Dr. Neuman [reading]: 


The forecast made by Libby partitions fallout from pre-October 1958 strato- 
spheric debris equally between hemispheres; Machta’s prediction deposits twice 
as much in the Northern as in the Southern Hemisphere. Both estimates keep 
all of the October 1958 Russian debris in the Northern Hemisphere. It should 
be noted that fallout in the United States may be 10-15 millicuries per square 
mile higher than the predicted peak because of tropospheric fallout. The maxi- 
mum cumulative levels of Sr-90 are expected to occur in about 1962-65; Sr-90 
decay to this date has been included in the estimate. 

The important thing, I think, to note here, is that the predicted 
levels, made by the most divergent hypothetical models we have, give 
really very close estimates. 

Representative Hoiirtetp. The top line is Dr. Libby’s line and the 
second line is Dr. Machta’s line, is that right ? 

Dr. Neuman. No, sir. You have them just reversed. The higher 
prediction is that of Machta’s model which keeps more of the airborne 
strontium in the Northern Hemisphere. 

Representative Horirietp. What is the difference in degree there 
approximately, or percentages? 

Dr. Neuman. The difference is 72 in one instance and 81 in another, 
about 10 or 12 percent. 

Mr. Ramey. How much would you add for your tropospheric ? 

Dr. Neuman. These have been included, if I am not mistaken. We 
add another 10 or 15 millicuries per square mile to predict the U.S. 
ground levels. 

Mr. Ramey. Sothat would be what? 

Dr. Neuman. Between 82 and 96 millicuries per square mile. 

Mr. Ramey. Eight or ten percent for the Nevada tests? 
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Dr. Neuman. Yes. Even so, I think you will appreciate that, when 
we have figures between 80 and 100, and try to translate this dif- 
ference in biological terms, this is rather academic. [Reading:] 


To convert ground levels to the concentrations expected in human bone sev- 
eral alternate approaches were possible, that is, extrapolation of bone levels de- 
rived from known milk concentrations, a direct conversion of ground levels by 
experimentally determined discrimination factors, and direct extrapolations 
from actual bone analyses. All these estimates of average values at the time 
of maximum deposition to be expected from tests to date fell in the range of 
about 5 to 10 micromicrocuries of strontium 90 per gram of calcium for the 
population in the North Temperate Zone. Accordingly, only one method of 
prediction is used here.* 

Fetal bones from the Far East run a factor of about 2 higher than those from 
Western populations, supposedly a reflection of difference in diet (that is, ratio 
of milk to plant calcium in the diet and the higher average ratio of Sr” to Ca 
in plants). It is necessary to weight, for population and dietary differences, the 
bone levels derived by multiplying deposition levels by the factor of 0.08 (which 
was derived on the basis of a Western diet) in order to obtain average equilibrium 
bone levels for other populations or for the world. Average equilibrium bone 
levels corresponding to estimated maximum Sr” deposition as a result of weapons 
tests to date calculated in this way are shown in table III. 


(Table ITT is as follows :) 


TaBLe III.—Predicted average Sr” equilibrium bone levels corresponding to 
average mazimum deposition from weapons tests to date 


Region and type of population: 


20°-60°N, 

20°-60°N, Western civilization * 
20°-60°N, Eastern civilization * 
World average, weighted * 


4 Weighted by both population and diet. 
2 Milk constitutes major source of calcium in diet. 
* Plants constitute major source of calcium in diet. 


Dr. Neuman. In this estimate, it is predicated at the time of maxi- 
mum deposition, bone at equilibrium would have the following levels: 
In the United States, an average of 6 micromicrocuries of strontium 
90 per gram of calcium. In latitudes 20 to 60 degrees north, an 
average of 8. For 20 to 60 degrees north in Western civilization, an 
average of 5. From 20 to 60 degrees north in Eastern civilization 
an average of 10. 

For the world average, weighted for population and dietary dif- 


ferences, an average of 7 micromicrocuries Sr®/gram calcium. 
[Reading :] 


1The bone data of Kulp, et al., indicate an estimated equilibrium level in bone of the 
Western population between 20° N.—60° N. as of January 1958. of 2 micromicrocuries of 
strontium 90 per gram of calcium. This estimate is consistent with other estimates derived 
from Sr®/Ca ratios in diet (including milk) assuming a discrimination ratio of 0.25 in 
going from the diet to the bone. That is to say, that the average Sr®/Ca ratio in bone at 
equilibrium will be one-fourth of that ratio in the diet. As of —_, et average 


soil deposition level in the north temperate population belt (between N. where 
80 percent of the world population lives) was 25 millicuries per square mile. Dividing 
2 micromicrocuries of strontium 90 per gram bone calcium by 25 millicuries per square 
mile gives a factor of 0.08 micromicrocuries re gram bone calcium per millicurie per square 
mile. Multiplication of any estimated soil deposition level (present or future) by this 
factor in the north temperate population belt will give the average equilibrium Sr® bone 
level for all populations whose diet corresponds to that of the Western populations. 

This method uses the concept of bone-soil equilibrium as a basis of computation. The 
equilibrium bone level is that level which should ultimately be attained if environmental 
contamination remained constant. With changing environmental levels, the actual bone 
levels lag behind the equilibrium value in time, that is, when environmental levels are 
rising, bone levels will be less than the equilibrium value. The panel recognizes that 
environmental contamination levels will not, if there is no further testing, remain con- 
stant. Nevertheless, for the 1962-65 period this computation should give a reasonable 
estimate of expected levels. 
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These values are averages only and make no allowances for individual varia- 
tions as a result of local variations in fallout, difference in physiological status, 
et cetera. The statistical frequency distribution of the human bone values 
has, of course, been tabulated. However, inherent in these data are unusual 
problems of distribution, sampling, and analysis, all of which tend to increase 
the variability of the observed values. For this reason, it was believed un- 
profitable to try to express the variability in precise statistical terms for this 
statement. 

In addition to considering future levels of Sr” contamination, the group 
also considered the current status of gonadal irradiation of the world popula- 
tion. The fallout gamma dose rate in the North Temperate Zone may be ex- 
pected to double in the next few years due to the deposition of cesium 137 now 
stored in the stratosphere. Estimates based on current data taking into ac- 
eount both short-lived as well as long-lived debris are in agreement with the 
forecasts of the U.N. Scientific Committee on the Effects of Radiation. The 
worldwide external genetically significant dose, in agreement with the U.N. 
Scientific Committee, from short- and long-lived gamma emitters is calculated 
to be 10 millirad in 30 years. The North Temperate Zone gonadal dose may 
be taken as 2% times the world average, or about 25 millirem in 30 years, and 
to this another 25 millirem in 30 years should be added for internal Cs™. 


Mr. Ramey. Is this from tests to date? That is not on the assump- 
tion of any continued testing? 
Dr. Neuman. That iscorrect. [ Reading. ] 


The estimated doses to the populations in the immediate vicinity of the 
Nevada test site have been revised in testimony submitted to these hearings. 
These corrections do not significantly change the genetically significant dose 
to the population of the United States as a whole. 

The detonations prior to 1954 were such that the stratospheric inventory in 
February 1954 may be assumed to have been small in relation to the debris 
already deposited. The doses observed by February 1954 therefore define the 
total to be expected from detonations up to that time. The upper limit of 
bone marrow dose from Sr” was estimated to have been approximately 0.4 
millirep per year. This is derived from the known Sr™ contamination of milk 
in northeastern United States as of February 1954. 

The panel, as a group, felt that no single or simple relation between radiation 
dosage and biological effect has as yet been established, particularly at the low 
dosages to be expected from off-site fallout. Therefore, no attempt was made 
to convert the predicted concentrations of Cs™ and Sr® into the number of 
tumors, cases of leukemia, genetic effects and the like. The biological effects, if 
any, to be expected from past tests would be manifest in a very small proportion 
to the world’s population, but because the population is so large, the absolute 
numbers calculated under certain assumed relations appear startlingly large 
It is useful, on an individual basis, to relate these predicted concentrations to 
radiation received from natural sources and to possible MPC’s derived by suit- 
ably authorized committees or agencies. A comparison of fallout and natural 
background dose estimates appears as table IV.* 

*For doubling the past 5-year testing pattern in the next 5 years, multiply 
the predicted values by 1.8; for indefinitely long repetition, multiply by 8. 


lm 5 final paragraph of the panel statement appears on 
p. 1803. 
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(Table IV is as follows:) 


TasLeE 1V.—Comparison of worldwide fallout and natural background radiation 
dose estimates 


[Rem] 





















Predicted by 
this panel: dose | Natural radia- 
from testing to tion back- 
date ground ! 


Seeuar mens wee Mente GU. ..s £5. capa cneessanepebaentasserseautcs 0. 2-0. 4 
90-year genetically significant dose. .............---.-..---.-------------- 0.05 


aon | 


1 Report of United Nations Scientific Committee on the Effects of Atomic Radiation, ch. III, table V. 


Dr. Neuman. Here the mean dose to marrow of testing to date pre- 
dicted by this panel varies between two-tenths and four-tenths of a 
rem as compared with natural background radiation of 7 rem. 

The 30-year genetically significant dose, 0.05 rem as compared to 3 
for natural radiation background. 

Mr. Ramey. How would that compare with the population stand- 
ard based on your strontium units of 66 which is the ICRP level? 

Dr. Neuman. It is about one-tenth. 

Mr. Ramey. It would be around 7 strontium units. I believe Dr. 
Langam had some figure ? 

Dr. Neuman. Yes; about 7 as compared to 66 as now tentatively 
recommended figures. That is about a tenth. 

Mr. Ramey. That is based on testing to date. I believe you have a 
footnote on page 7 of your statement ? 

Dr. Neuman. I will read that footnote. 

Mr. Ramey. I think it ought to be discussed a good deal, too. 

Mr. Neuman. I think I should say, in addition to this footnote, we 
should have had a little more qualiication. In assuming the past 
5-year testing pattern, it is necessary to assume not only the same 
megatonnage yield but also the same distribution of shots. A different 
distribution of explosions would give different residence times and 
different deposition patterns. It is so fanciful to try to predict the 
future test rate that we have to assume that we are duplicating past 
patterns. 

Representative Horrrretp. Does that mean the test rate of the last 
2 years or averaged since 1946? 

Dr. Neuman. Averaged since 1953. The last 5 years. Under those 
circumstances, and with that kind of qualification for repeating the 
past 5-year testing pattern in the next 5 years, multiply the predicted 
values by 1.8. For an indefinitely long repetition of such test pat- 
terns—in other words, continued testing at the average 5-year rate— 
multiply by approximately 8. 

Mr. Ramey. Could you multiply those out for the record? We did 
this 2 years ago. 

Dr. Neuman. Let us take the world average weighted figure. You 
want dosages or would you prefer to have it expressed in micromicro- 
curies ? 

Mr. Ramey. I think strontium units would be most understandable. 

Dr. Neuman. Mr. Hollister will put the figures on the board. The 
panel is not trying to dodge its responsibility. We appreciate the 
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fact that. we were asked to make these predictions “in the event of 
continued testing.” But it seemed somewhat unrealistic to presume 
that we were going to repeat the testing pattern (which is more or 
less happenstance) over and over and over again indefinitely. This 
seems to be rather unrealistic. 














































TABLE III OF PREDICTION PANEL STATEMENT AS MODIFIED FOR DISCUSSION 


Predicted average Sr® equilibrium bone levels corresponding to average marimum 
deposition from weapons tests to date 





puc Sr/gram Ca 








Region and type of population One repeti-| Indefinite 
No more | tion of past jrepetition of 
testing 5-year test- | past 5-year 
ing pattern| testing 
pattern 


United States of America, average ack cider 6 10.8 48 
20°-60° N, average ! Pet pits glk Wed deena Lote ee 5 | 14.4 64 
20°-60° N, Western civilization 2. ie Seed ee Sane 5 9.0 40 
20°-60° N, Eastern civilization 3__- bchicdasennsace b sg2 10 18.0 80 
World average, weighted ! hsb eiso wine iteasi@ne’t cnulte bende 7 12.6 56 







1 Weighted by both population and diet. 
2 Mil* constitutes major source of calcium in diet. 
’ Plants constitute major source of calcium in diet. 






Mr. Ramey. We just asked for a 4- or 5-year period and then any 
other estimates that might go beyond that 4- or 5-year period. The 
past pattern is the only pattern we have had; so obviously you could 
not be expected to go much beyond that. 

Dr. Neuman. I am only speaking for myself now, but I think most 
of the committee members will agree that if you were to repeat and 
repeat and repeat, which is rather unlikely, you can see that we are 
approaching average levels in bone of 48, 64, 40, 80 and an overall 
world average of 56. 

Representative Houirreip. That is expressed in strontium units? 

Dr. Neuman. Yes. Micromicrocuries per gram, Since the tentative 
maximum permissible level has been given as 66, this would be much 
too close inmy opinion. Iam not speaking for the panel. 

Representative Hoirietp. Let us read this off for the record since 
you don’t have a prepared chart that we can photograph. 

Dr. Neuman. The predicted levels in strontium units in micromi- 
crocuries of strontium 90 per gram of calcium: For the United States 
would be 10.8; for 20 to 60 degrees north, average 14.4; for 20 degrees 
to 60 degrees north, Western civilization, 9.0; for 20 degrees to 60 de- 
grees north, eastern civilization, 18; for a weighted world average 
12.6. 

These numbers are based on the assumption of a repetition of the 
past testing pattern of 5 years. On the assumption of a continued 
testing indefinitely, these become the following: For the United States, 
48; for 20 to 60 degrees north, 64; for 20 degrees to 60 degrees north, 
Western civilization, 40; for 20 degrees to 60 degrees north, Eastern 
civilization, 80; for a weighted world average, 56 micromicrocuries 
of strontium 90 per gram of calcium. 

Representative Houirieitp. That is against the ICRP maximum per- 
missible concentration of 66? 
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Dr. NeuMAN. So far, this is a suggestion. Is 66a formally accepted 
figure for the population MPC? 

Representative Hoxtrreip. For pee 

Dr. Neuman. For planning purposes, because the NCRP subcom- 
mittee has not reported as I understand from testimony given by Dr. 
Crow yesterday. 

Mr. Ramey. This is the ICRP we are talking about. They said 
for future planning purposes. ; 

Representative DurHam. I think it should be made perfectly — 
to the public, Mr. Chairman, that these numbers depend on doubling 
the amount and going on for 40, 50 or 100 years, isn’t that correct? 

Dr. Neuman. This would be at least 40 years of continued tests 
of the same pattern as the last 5 years. 

Representative DurHam. The public should understand that these 
levels do not exist today. 

Dr. Neuman. No, sir. 

Representative DurHam. It doesn’t exist today. 

Mr. Ramey. The present amount in the United States is 6 stron- 
tium units. 

Dr. Neuman. Not the present amount. Two S.U. is the highest 
average presently observed. Most people think I am on the pessi- 
mistic side but, actually, if tests stay stopped, as it were, I don’t be- 
lieve we will really see these predicted values in more than a fraction 
of the total population. 

Representative Van Zanpr. Could you say it this way: These fig- 
ures obtained by multiplying table IIT by 1.8 or by 8 have no value 
unless tests are resumed ¢ 

Dr. Neuman. Only the numbers that appear in our statement, table 
III, have any validity as predictions if tests are not resumed. 

Mr. Ramey. Unless atmospheric tests are resumed. As later testi- 
mony will show, you can have underground tests without any con- 
tamination ? 

Dr. Neuman. Yes, sir. We had to make the assumption that the 
test pattern was the same as in the last 5 years. That is the qualifica- 
tion I underlined. 

Dr. Tompkins. Wouldn’t you have to extend the statement of at- 
mospheric to megaton yield of atmospheric testing to make these 
figures apply ? 

Dr. Lissy. Everything has to be done exactly as it was before? 

Dr. Neuman. That is the requirement in our assumption. 

Representative Horirreip. This is following the same type of test- 
ing, the same pattern of weapons that we have followed in the past 
in ig to make this prediction. It is the only standard we have to 
go by. 

Dr. NeuMAN. It is the only one we have. Otherwise we would have 
an infinite number of predictions, 

Mr. Ramey. But does it include the last Russian tests? 

Dr. Suetton. Not only do they include the last Russian tests, the 
first column includes the deposition on the ground of all the material 
in the stratosphere at this time. These are the average results 


expected at the time of maximum deposition as a result of testing to 
date. ; 
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Representative Ho.irreLp. Then this would actually be predicting 
the United States of America level of six ahead until possibly 1962? 

Dr. SHELTON. 1962, 1963, or 1965. This is as high as I expect to 
reach as a result of testing today. As Dr. Neuman said I don't actu- 
ally expect to see these levels come about. 

Representative Hotirretp. We can assume that if all testing ceases 
that your maximum amount would be the first column there ? 

Dr. Suevron. That is correct. 

Representative Ho.irietp. So the heading there, testing to date, is 
correct but it is misleading unless you pin to that, that the projection 
is into the future for the testing up to date? 

Dr. Neuman. May I say just a word. The title of that table in 
the report reads “Predicted Average Strontium 90 Equilibrium Bone 
Levels” corresponding to the average at the time of deposition maxi- 
mum. That word “equilibrium” has a very important qualification, 
Obviously, adults will not be in “equilibrium” and only a certain 
fraction of the young people will achieve equilibrium. 

Mr. Ho .uisrer. So is the word “average” important. The panel, 
if I can speak for them, is not supposing that no individual will be 
above six. 

Senator Gore. I was going to inquire, Mr. Chairman, if these 
figures refer to strontium only, or do they include cesium ? 

Dr. Neuman. This particular table refers to strontium only, be- 
cause cesium does not concentrate in bone. The gonadal dose is prin- 
cipally related to cesium because cesium is a soft tissue component 
and strontium 90 does not cause a major problem in terms of gonadal 
radiation. 

Senator Gore. My real point, Mr. Chairman, was to inquire if the 
panel was to cover the possible hazards from elements other than 
strontium. 

Mr. Ramey. Dr. Neuman, in your table, don’t you show the effects 
of cesium and so on in the 30-year genetically significant dose ? 

Dr. Neuman. Yes, that is, the 30-year genetically significant dose 
in table IV that is contributed principally by cesium. 

Dr. Suerton. I would recommend, Mr. Chairman, that we go 
ahead and put the same kind of numbers for cesium following the last 
5-year pattern of testing. 

Representative Horrrieip. That is fine. We have to keep remind- 
ing ourselves of the difference between the strontium 90 and the 
poe ally significant dose from other types of radiation. At least 

O. 

Dr. Neuman. I will speak for myself and I would like to see some 
nods from other committee members. In multiplying simply by these 
convenient numbers, the assumption is being made that the cumula- 
tive dose from cesium will be strictly cumulative. There is plenty of 
evidence to indicate that it is not proportional to deposition level but 
rather is dependent on the rate of fallout. 

If that is the case, these numbers (at least those from internal 
irradiation) should not be multiplied by much of anything. 

_ Mr. Etsensup. If I understood our discussion of the other evening, 
in order to extrapolate the gonadal dose we would be safe in assum- 
ing that comnonent of the gonadal dose which is due to cesium already 
inside the body has already reached equilibrium and will not increase 
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from continued testing, or for that matter from continued fallout. So 
that the 25 milirem in 30 years due to the internal irradiation of 
cesium in the body should not change, whereas the 25 milirem in 30 
years from cesium on the ground will build up approximmteiy as a 
linear function of the testing rates and approximately by the same 
factors that we use for calculating strontium 90. 

Mr. Ramey. How do you get a relationship between this cesium 
dose, or the dose of your various other radioisotopes, in relation to a 
maximum permissible dose? I believe in your table you refer to the 
natural background showing what that is. Would the natural back- 
ground constitute your standard or your measure ? 

Dr. Lipsy. In table IV you have three units for the natural back- 
ground for the 30-year genetically significant dose and from past tests 
we have 0.05 units. If we double we have .09 units, which would be 
about 3 percent. 

If we continued forever, then in about 50 or 100 years it would reach 
0.4 which is about 12 percent of the natural background dose. (See 

. 1795). 

: Representative HoirteLp. 12 percent of the background dose? 

Dr. Lissy. That is right. 

Representative Hoirretp. Not of the permissible concentration ? 

Dr. Lissy. No. This is the background dose. 

Mr. Ramey. What is the measure for this? We had the 66 stron- 
tium units as your measure on strontium 90. What is the other meas- 
ure to compare that to? 

Dr. Suetron. I believe the previous testimony on genetics indicated 
that we would regard the natural background as a datum point and 
using that as a measure, we do not want too much more than perhaps 
double the natural background or maybe in units of tenths of the 
background value. 

In other words, whether it is a tenth of a natural background or 
equal to the natural background. That is the basis. 

Mr. Ramey. In this situation, then, on cesium, continuing your 
testing indefinitely following the past pattern, would approximate 10 
to 15 percent of the natural Sateen In that situation, it doesn’t 
look as difficult as your strontium in the bone situation. 

Dr. Neuman. Again, I don’t know if the rest of the committee 
would agree, but I think these figures are maximizing the effects of 
cesium 137 as we have indicated and for the reasons indicated. 

However, if tests resume and continue and debris has a short resi- 
dence time in the stratosphere, we will have to take into account shorter 
lived elements which we are not taking into account in this caleula- 
tion. Only in the framework that tests have ceased, is cesium the only 
gamma emiter with which we need to concern ourselves. 

Mr. Ramey. In that connection we want to ask about radioiodine. 
We had reference to two papers by Dr. Lewis and Dr. Wolff on the 
concentration of this short-lived isotope in the thyroid that might 
be approaching near your iccinblenmids londle in one location in the 
body. Is that of any significance? 

Dr. Neuman. Yes, sir. The short-lived isotopes are all dependent 
on test rate. With zero test rate we can eliminate them from our 
consideration and consider only the long-lived isotopes such as cesium 
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and strontium. Again this is one of the difficulties in predicting 
when We can’t predict the test rate. 

Dr. Tomrxins. Dr. Neuman, can you also ignore as a function of 
test rate on your eight times repetition. In this case the new material 
is coming in at a certain rate. Will these relationships hold in your 
opinion ¢ 

Dr. Neuman. I thought I made abundantly clear, the 1.8 are based 
on the assumption that the last 5-year tests are repeated in the same 
pattern and total yield. 

Dr. Tompxtins. This is not my point. I want to be sure that con- 
siderations are brought out. The 1.8 is in direct ratio of the fission 
yield ; is that right ? 

Dr. Neuman. No. You are putting an equal amount into the strat- 
osphere from the last 5 years and then decay about 10 percent (2% 
percent a year for 5 years). 

Dr. Tompxtins. Your numbers are based on the predominantly 
long-lived material ? 

Dr. Neuman. These are entirely based on long-lived and I made 
that asa preliminary statement. 

Dr. Tomrxtns. The reason why you can afford to eliminate con- 
siderations of barium 140, strontium 89, iodine 131 is the fact that 
the decay is rapid. Therefore, the total 30-year dose or the 70-year 
dose does not build up. Whatever you are going to get, you get 
rapidly and then it disappears. When you repeat this eight times you 
are putting your rapidly disappearing material in eight times. Soa 
comparison of the short-range dose, essentially on a per year basis 
which is the proper relationship, is this approximately the same as 
the assumption you have made here, is my question. 

In other words, can you still include that and consider the differ- 
ence negligible enough to ignore. 

Dr. Setove. May I say there is no essential difference in the rela- 
tive effect of short-lived and long-lived isotopes for different testing 
rates. The reason is this. If you conduct one series of tests or have 
one explosion, then there will be some short-lived isotopes which 
deliver their radiation within a certain short period of time and 
some long-lived isotopes which deliver their radiation over a longer 
period of time. Whether you hold the next test series the next month 
or 5 years later, the ratio of radiation dose integrated over a long 
period that comes from the short-lived and the long-lived isotopes 
is the same independent of what the space in between test series was. 

Dr. Suexton. I believe the answer to your question is this: We 
have taken that into account. Because the numbers based on the 
5-year past history included whatever happens to be in the short- 
lived isotope situation. 

Representative Hottrieip. I want to again say if any member of 
the panel wishes to clarify or modify or object to any statement and 
propound their position they have the opportunity by raising their 
hands. This gentleman has raised his hand. 

Mr. Territw. I am Terrill with the Public Health Service. I don’t 
recall in any of our deliberations that we took iodine into considera- 
tion in the manner reported by Dr. Shelton. I don’t mean to empha- 
size any disagreement with what is stated here, but we approached 
this on the basis of a certain model. If we inject quickly the short 
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isotope situation into this model, we are liable to say things that we will 
have to correct after the sessions are over. 

The other point I would like to make is that these are all averages. 
They are not maximums. They are the averages at the time of maxi- 
mum deposition. The key to this and the thing that is going to make 
it difficult for all of us are the variations. ; ye 

In carrying out the arithmetic of comparing our readings in milk, 
water, food, or bone, with the maximum permissible levels, these varia- 
tions are going to cause difficulties. Because, as you can see, the 
variability between these numbers and assumptions is such that even 
if we are absolutely conscientious we are going to end up with a span 
of numbers that are going to be on both sides of MPC’s as they are now 
listed in the International Committee’s recommendations. We have 
to keep this in mind. 

Dr. Suetron. If we continue testing indefinitely at the rate of the 
past 5 years only. 3 , 

Mr. Territt. Sir, I think that we are going to find situations when we 
make allowances for all the radiation affecting bone, both strontium 89, 
strontium 90, and external radiation and when we follow the arith- 
metic, as outlined in the handbooks where we will have now exceeded 
MPC’s momentarily. Unless we have the resources to average these 
things and actually average the low levels as well as the high values, 
we are going to be in difficulty. : 

It is going to be a very difficult thing to tell people how to adjust 
these averages in individual situations. 

Dr. Tompkins. Mr. Terrill, I believe you are referring to the prob- 
lem of actually applying this kind of result to a practical situation. 

Mr. Terri. That is precisely the case. : 

Dr. Tomrxrns. The connotation of these particular tables was to give 
a base to assess the characteristics and magnitude of a problem from the 
standpoint of what it is likely to look like. You are bringing 7 the 
very real point that you have added to this the proposition of applying 
this on a continuous basis in the future. 

This runs you into problems which are not really highlighted by this 
method of forecasting. Isn’t that what you are saying? 

Mr. Territt. Right to the point of our statement, I think if we 
quickly inject any new isotopes into this model that we have agreed 
to select for the purposes of this statement, we are almost bound to 
change the numbers in a way that would be unfortunate. I think we 
would have to make corrections—all of us would have to make correc- 
tions in the statement—after these hearings are over. We would 
quickly say things that we would not want to have in the record. It is 
too complicated for this type of juggling of the numbers on a few 
minutes’ notice. 

Dr. Tompxrins. What you are saying is that you feel that more 
attention needs to be given to these widely varying shorter lived 
isotopes ¢ 
_ Mr. Territy. Yes, sir. I don’t think we ought to quickly inject 
iodine into this picture because we have to consider the physiological 
relationships between relatively high iodine doses and relatively high 
bone doses. That is probably more important than the concentrations 
themselves. 
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Dr. Tomrxins. I want to be sure I understand what you are saying, 
Mr. Terrill, in raising the question of iodine that you are questionin 

the basic assumption which Dr. Neuman stated, that the treatment o 

strontium 90 and cesium 137 would cover the predominant risk, and 
all others would be less. 

Are you questioning that ? 

Mr. Trrrity. No, sir. I am not questioning our model as we drew 
it up and worked over it together. I am questioning first my capa- 
ee to inject a total new set of circumstances into this model and 
quickly report to a congressional committee on the effects of all these 
additions. 

Representative Hotirtetp. Dr. Selove has had his hand up. 

Dr. Setove. May I make one comment on the relative effect of 
short-lived and long-lived isotopes. The integrated dose received by 
the entire population of the United States or of the world from the 
long-lived isotopes is greater, considerably greater, than the inte- 
grated dose received from short-lived isotopes such as iodine. On the 
other hand, the integrated dose from strontium 90 is spread over 40 
years and the amount received in any 1 year is correspondingly 
smaller. The integrated dose from iodine is all received in a very 
short time, a matter of a few days. 

So the particular individuals who get that iodine have all of the 
iodine dose from a given test explosion. It is not averaged over all of 
the people in the same way that the long-lived effects are. 

Representative DurHaAm. Following up the doctor’s statement, has 
there been any thought given by the panel to setting up a model for 
short-lived radiation material or radioisotopes ? 

Dr. Sevove. Iam afraid not. There simply was not time. 

Representative DurHAm. You seem to want to separate the two? 

Dr. Neuman. I think this underlines one of the problems that has 
been with us from the year 1, so to speak: The divergence of opinion 
among scientists. We carefully defined a frame of reference. It was 
done in the setting of a cessation of tests. In this setting and within 
this frame of reference, all of the scientists are essentially in agree- 
ment. Weare in accord. 

If you don’t describe and don’t define the limits from which you are 
doing your predicting then everybody comes out with a different pre- 
diction it is said “there is a big controversy raging.” It seems to me 
the whole situation can be given in an analogy. We are playing with 
cosmic forces and we are doing it in a microcosmic political situa- 
tion, so to speak. Some of us think that we are lifting the lid on 
Pandora’s box. 

Representative DurHam. I agree with that. 

Dr. Neuman. Some of us look at this and say, “The lid is not up, 
so why worry?” But others are alarmed at the aa Here, today, 
we are in the position of trying to define whether the lid is “up” or 
“down.” Obviously we can’t because one can’t describe a dynamic 
process in static terms. 

Representative Duruam. The question of whether the lid is up or 
down depends to a large degree on the circumstances and the con- 
tinuation of what we have been doing for the past few years. 
Wouldn’t you say that, Doctor? 
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You can put the lid down now. We know pretty well what is in 
the atmosphere ? 

Dr. Neuman. Nothing much has come out from the lifting of the 
lid thus far. I think we are all in agreement that from tests to date, 
the hazards are extremely small relative to other hazards that we 
take every day. I think everyone is in agreement. 

Representative Duruam. I think the table definitely shows that. 

Dr. Neuman. Yes. I think it also shows if we leave testing un- 
controlled and ignore these probabilities, we can very easily get in 
serious trouble. 

Representative Houirtevp. Mr, Eisenbud ? 

Mr. Etsensup. I thought I might emphasize at this point that we 
did what other groups, including the National Academy and the 
United Nations Committee have done. We have considered the two 
isotopes and the two situations which seemed to be of greatest concern ; 
namely, the gonadal dose from the gamma emitters and the bone dose 
from strontium 90. Iodine is an additional problem but is not a 
problem which has its primary effect on either the gonadal tissue 
or the skeleton tissue. Tt affects thyroid and has been thoroughly 
discussed. 

Representative Ho.rrretp. It is mainly concentrated in the thyroid 
gland ? 

Mr. Etsensup. Yes, sir. 

Representative Hoririecp. And therefore it has a very limited local 
application ? 

Mr. Etsensup. Yes. 

Representative Houirretp. In consideration to the whole body dose? 

Mr. Eisensup. The same type of study could be made with respect 
to the dose from iodine and the dose to the thyroids of the people. 

Representative Hottrrecp. We didn’t ask you to do that. 

Dr. Neuman, I think you have one more paragraph to read. 

Dr. Neuman. Yes, I have one more Pp ragraph to read. We could 
not resist patting ourselves on the back. This is not a proper way 
to end. (Reading) 

We find the predictions made by the 1957 panel with respect to maximum 
concentrations, if past tests or equivalent were repeated once, are consistent 
with predictions made today. It is noted that prior to 1957 approximately 50 
MT fission yield equivalent had been detonated, and since that time approxi- 
mately 40 MT more. 

Submitted by: 

Charles L. Dunham, M.D., AEC William Neuman, University of 
Merril Eisenbud, AEC Rochester 


Joshua Z. Holland, AEC Walter Selove, University of Pennsyl- 
Hal Hollister, AEC vania 

Wright H. Langham, LASL Frank Shelton, AFSWP, DOD 
Williard F. Libby, AEC James Terrill, USPHS 

Lester Machta, Weather Bureau 


Representative Ho.irretp. For the record we will put in the ma- 
terial that you referred to which is on page 16 of our analysis of 2 
years ago at this point for comparison. 

Dr. Neuman. Thank you. 

(The material referred to follows :) 
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At the invitation of ABC’s Division of Biology and Medicine, a meeting was 
held on July 29, 1957. Principal participants were Mr. Eisenbud, Dr. Kulp, Dr, 
Langham, Dr. Libby, Dr. Machta, Dr. Neuman, and Dr. Selove. Also present 
were Dr. Dunham, Dr. Alexander, Mr. Hollister, Dr. Calvin J. Potts, Dr. Reite- 
meier, and Dr. Western. A written summary of the meeting appears in the print 
of the hearings. Three forecasts were made at the meeting, all predicting what 
the future human skeleton levels of strontium 90 in young persons might be in 
the Northeastern United States under various conditions. 

The basis of these forecasts is an assumption that an average value of 0.8 
strontium unit, based on Dr. Kulp’s measurements of strontium 90 levels in the 
skeletons of children in the Northeastern United States, as of the fall of 1956, 
represents a reasonable point from which to extrapolate. Then the following 
three forecasts were developed : 

1. Forecast.—The future skeletal concentrations in young persons in the North- 
eastern United States resulting from the strontium 90 already on the ground 
before 1957 are predicted to fall within a range of 1.5 to 2 strontium units. 

2. Forecast.—The future skeletal concentrations in young persons in the North- 
eastern United States resulting from the strontium 90 produced before 1957 are 
predicted to fall within a range as follows: 

(a) 1.5-3.5 strontium units if stratospheric fallout is uniform ; 

(b) 2-5 strontium units if existing fallout pattern is maintained ; 

(c) 4-10 strontium units if predicted increase in “banding” of stratospheric 
fallout in latitudes of Northeastern United States occurs. 

3. Forecast.—The future skeletal concentrations in young persons in the North- 
eastern United States resulting from all strontium 90 produced before 1957 plus 
an equal amount produced in the next several years from a repetition of past 
tests (or equivalent) are predicted to fall within a range as follows: 

(a) 3.5-9 strontium units if stratospheric fallout is uniform; 

(b) 5-12 strontium units if existing fallout pattern is maintained ; 

(c) 10-25 strontium units if predicted increase in “banding” of strato- 
spheric fallout in latitudes of Northeastern United States occurs. 

4. Forecast—The future skeletal concentrations resulting from indefinitely 
continued testing (often approximated by taking 100 years) at the average an- 
nual rate of the past 5 years (10 megatons equivalent fission yield per year) were 
not forecasted, nor were the effects of an increasing rate of testing considered. 

The forecasts that were made (for the Northern United States) show that if 
the amount of fission products put into the atmosphere doubles in the next 10 
years or so the bone levels should somewhat more than double. Local fallout, 
of course, is not included. 

Note that the units used are “strontium units,” defined on page 9. The maxi- 
mum permissible concentration of strontium 90, it will be recalled, is 100 
strontium units for a population—subject, as stated above, to serious questions 
and limitations. Before any of the forecasts above, or those contained in the 
hearings, are compared with 100 strontium units, or some other standard, it 
should be kept in mind that some of the forecasts assume uniformity of strato- 
spheric fallout distribution. If, as the hearings strongly indicate, this assump- 
tion is incorrect, then the forecasts need adjustment before a comparison is made. 

It is to be noted that this group did not go as far into the future, in making 
forecasts, as some of the individuals did. 


Representative Hotirietp. Before you goany further, Mr. Hollister, 
you placed on the board an outline. Would you like to comment on 
that and explain it to the committee ? 

Mr. Houutstrer. This is a grossly oversimplified but pictorial way of 
presenting this short- versus long-lived emitter problem that the 
panel has been referring to. What I have on the board is a graph of 
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dose rate versus time for two hypothetical isotopes—a long-lived 
emitter and a short-lived emitter—and for the purposes of illustration 
we will assume that the biochemical nature of the long-lived and short- 
lived emitters is similar. 

We will assume therefore that the short-lived emitter and long- 
lived emitter go to the same part of the body and behave chipnicalty 
and metabolically in the same fashion. Then the shaded area at the 
left would represent—the area, not the height—the dose to an organ 
from the short-lived emitter from the past testing to date. If the 
testing pattern of the past 5 years is repeated once, then the second 
shaded area on the right would represent a repetition of that dose from 
the same short-lived emitter. 

Then the crosshatched area under the lower, almost horizontal 
curve, starting way over at the left, would represent the dose from 
the long-lived emitter from the past testing to date. Notice that the 
dose from the long-lived emitter results from a dose rate that extends 
far beyond the 5-year period of testing. Then the second cross- 
hatched area starting in the middle represents the dose from the long- 
lived emitter from the first repetition of the testing pattern. 

The point is that if we go on and repeat the testing pattern time 
after time, you repeat the little shaded area every time but the little 
shaded areas don’t add vertically upon each other. Thus, the dose 
rate is not cumulative though the dose is. But the second cross- 
hatched area, you notice, is superimposed upon the first cross-hatched 
area. If I were to repeat for a third time I would get another cross- 
hatched area 5 years further along superimposed on the cross-hatched 
area that I have there and this would keep building up. Thus, the 
dose rate is cumulative. But it does not keep building up an indefi- 
nite number of times because of decay. The footnote in the panel’s 
statement says for an indefinite number of repetitions you still multi- 
ply by 8—you don’t multiply by an indefinite number. This is be- 
cause of the fact that as you go along building up and building up 
activity the decay becomes more important. Finally you reach a point 
of testing equilibrium or balance of the sort talked about 2 years ago, 
when the decay in the environment is exactly compensating for the 
injection. 

This is grossly oversimplified. In actual fact the dose from the 
short-lived emitters may or may not go to the same part of the body 
as from the long-lived emitters. There may be several short-lived 
emitters to be compared with one or two long-lived emitters. This is 
to be understood to be oversimplified. It gives the idea. 

Representative Hortrretp. even though it is oversimplified it has 
cleared up in my mind considerably the point of the short-lived iso- 
oe and its effect on the human body. 

would ask you to prepare for the record a proper chart of this 
kind so it can be in the printed record and also the table of figures 
which you had before because we have referred to them. 

Mr. Hotuisrer. I would be happy to. 

(The material referred to follows :) 
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ILLUSTRATION OF DOSE RATE AND TOTAL DOSE FROM SHORT-LIVED AND LONG-LIVED ISOTOPES 


Assumption: the two isotopes are chemically and biologically identical in 
behavior, differing only in radioactive decay lifetime. 


DIscUSSION OF DosaGE FrRoM SHorRT-LivepD ISOTOPES IN WORLDWIDE FALLOUT 
SUBMITTED BY AEC 


In considering the so-called short-lived isotopes problem in worldwide fallout, 
two points are to be kept in mind: 

(1) In order for “short-lived’’ isotopes even to exist in worldwide fallout, 
their radioactive lifetimes must be “long enough”—taking into account their 
initial production abundances in fission—so that the material would not have 
disappeared before falling out as worldwide fallout. And, of course, further 
disappearance takes place before an internal emitter of short lifetime could be 
deposited in the body. 

(2) As the chart explains in a simplified way, doubling or repeating the past 
5 to 6 year testing pattern will, other things being equal, of course double the 
total dose from both short- and long-lived isotopes. But, as the chart illustrates, 
the dose rates does not cumulate for the short-lived isotopes but does cumulate 
for long-lived isotopes. 

If testing stops, the dose rate from short-lived isotopes drops soon afterward. 
For example, 1 year would represent about seven half lives of Sr” reducing the 
amount present at the beginning of the year to one one hundred twenty-eighth, 
or less than 1 percent. On the other hand, for long-lived isotopes such as Sr™, 
1 year represents only about 2 to 3 percent reduction in the initial amount, so 
that if testing stops the dose rate continues high for an extended period 
afterward. 

Now to consider three specific problems involving short-lived isotopes, consider 
Sr®, Zr™Nb*, and I": 

(1) For equal activities of Sr” and Sr” (that is, equal numbers of micro- 
curies) initially deposited in bone, the final dose from Sr” is about 100 times that 
from Sr®. Conversely, for the dose to be equal, about 100 times the initial activ- 
ity of Sr” would have to be present as Sr” activity. It is to be kept in mind, of 
course, that the total dose received from Sr would be received in a much shorter 
length of time. 

Transient levels of Sr” on the order of 100 times the activity levels of Sr” have 
been observed in milk. For the year ending February 1959, average Sr*/Sr” 
levels in milk ranged from 5 to 9 for the five Public Health Service stations for 
which records exist. (An initial ratio of 10 in bone would give a Sr™® dose of 
about 10 percent of the Sr” dose.) The PHS data also indicate that in February 
1959 (a minimum of 3 months after the last weapons test) the Sr®/Sr” ratios 
in milk for 10 PHS stations ranged from 1 to 9. 

2) Data submitted by the Argonne National Laboratory as an attachment to 
Dr. Brues’ testimony suggests dose rates from Zr”-Nb* deposited on the ground 
of from 4 to 16 times those from Cs™. Because the half lives of Zr® and Nb” 
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are short compared to that of Cs*’, relative concentrations in the soil reflect 
rates of fallout and are subject to large variations. We have insufficient data 
on the migration of these materials into the soil to make reliable estimates of 
total external dose from these data. However, if one computes such doses on the 
assumption that the materials remain on the surface of the ground until radio- 
active decay is complete, the ratio of the total dose from the short-lived Zr”—Nb™ 
to that from the long-lived Cs™ will be much smaller. 

(3) PHS data gives the result that for the year ending February 1959 for 
five PHS stations, the average I™ content of the milk sampled ranged from 28 
micromicrocuries per liter at New York and Salt Lake City to 83 at St. Louis. 

If one consumed 1 quart a day of milk for a whole year, all at 83 micromicro 
curies per liter, one would have a total year’s intake of about 30,000 micromicro- 
curies of I™. Of this, about one-fifth, or 6,000 micromicrocuries of I™ would be 
expected to go to the thyroid. The dose to an adult (20 gram) thyroid would 
then be about 37 millirads for the year’s intake. In the case of children, because 
the thyroid is much smaller and the uptake of iodine higher, the radiation dose 
to the thyroid may be from 10 to 15 times as high. 

Of course, some I™ might be taken up from other foods, and this additional 
amount would have to be added. Not much is known about the size of the I™ 
contribution from food, but it is not expected to be as great as from milk. 

It is to be noted that the iodine levels fluctuate greatly, so that yearly averag- 
ing is useful only for rough estimates. For example, the 12 monthly milk sam- 
rp from St. Louis that average out to 83 include 1 sample of 624 and 4 samples 
or zero. 

Representative Van Zanptr. May I ask a question about table IIT? 

I do this to clear up a point in my mind. Mr. Ramey, I think, 
made the exception of underground bursts. What about the bursts in 
the high altitude? Do we have instrumentation that would detect 
those bursts or without instrumentation will the effect of those bursts 
show up on the findings such as are being reported during these hear- 
ings ? 

Dr. Lipsy. We are going to have a short statement on this in a few 
minutes, Mr. Van Zandt. We draw a distinction between high alti- 
tude in the atmosphere and high altitude in outer space. 

Representative Van Zanpr. I am concerned about outer space. 
Very well. 

Dr. Sretron. I realize that as time goes on certain scientists are 
going to look at our two figures. I feel the text is quite adequate for 
a complete interpretation of the two figures. The two figures of the 
text are extremely useful if one knows what they mean. 

Figure 1 illustrates the amount of strontium 90 in the stratosphere 
as it existed in mid-1958. Notice that it has a bump in the high north 
latitude and there is a bump around the Equator and a small bump in 
the Southern Hemisphere. The microcuries per square mile on the 
lefthand side means that if the strontium 90 in the stratosphere were 
brought down vertically to the ground and deposited in a vertical 
manner—if we could precipitate it in some way and just bring it down 
as it exists in its distribution in the stratosphere—those would be the 
microcuries per square mile on the ground. 

I say again the figure is if it came down vertically from where it 
islocated. That brings us to figure 2. 

It doesn’t come down vertically. So no man should take figure 1 
and say if it all came down we would have such and such, like 12 
microcuries per square mile at the Equator. The bump on figure 1 
at the Equator does not come down vertically. There is the mechanism 
by which the material in the stratosphere comes out through the breaks 
in the tropopauses and locates principally in the north and south 
temperate latitudes. So the material in the stratosphere given by 
figure 1 is deposited on the ground really, as illustrated by figure 2. 
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The amount that comes at the Equator, for instance, is very small. 
One cannot take figure 1 and drop its values down to the ground. 

He must go through the fallout mechanisms to get it on the ground. 
That is what we did in our text. 

Representative Duriam. Could we extrapolate what would happen 
if it all came down at one time? 

Dr. Sueiron. We did bring it all down; yes, sir. But we distributed 
it on the ground by the regular mechanisms by which it does come 
down. 

Representative Duruam. Over the years. You brought it down on 
the basis over the years ? 

Dr. SHELTON. We brought it down over a period of time, that is 
correct. It just is not going tocome down all at once. 

Representative Duruam. No, I hope not. 

Mr. Ramey. In inserting into the record the results of the seminar 
held after our hearings in 1957 there were alternatives put in on what 
would happen in 5 years. I wanted to ask Dr. Machta if it didn’t 
appear that his alternative, assuming banding, is really the one that 
is coming out now. I gather from the report of the panel that this 
assumption or theory or model, as you call it, is the one that is the 
more appropriate model for our future predictions. 

Dr. Macuta. Yes. The panel did assume that all of the debris 
from polar injections is coming out in the north temperate latitude, 
banded as the material in the past was banded. We did not com- 
pletely agree on what would happen with the debris already in the 
stratosphere, but it makes little difference. I should point out in the 
1957 testimony I made the prediction that if we injected approxi- 
mately 10 megatons equivalent into the stratosphere each year and 
looked for the highest concentration in the north temperate latitudes 
in the relatively small area of a few States, one would obtain a fallout 
amount on the ground which could be as low as 350 millicuries per 
square mile, eit perhaps as high as 850 millicuries per square mile 
at equilibrium. 

From information consistent with the data used by the committee 
and from what we find in the United States at the present time, I 
think I would now predict a value of about 800 millicuries per square 
mile. This is close to the upper bound which was predicted 2 years 
ago. 

Mr. Ramey. That appears at pages 1336 and 1337 of the 1957 hear- 
ings. If that were extrapolated into strontium units for that area, 
that would be a rather high rate, would it not? 

Dr. Macurta. No, not particularly high. We are actually using 
650 millicuries per square mile for our prediction. So it is not very 
much higher. 


(Extracts from 1957 hearings (pp. 1336-1337) referred to above 
follow :) 


Senator ANpDeRson. Dr. Langham, I wonder if you would like to run through 
that table now of the calculations showing strontium 90 in the bone in relation 
to maximum permissible concentration? 

Dr. LANGHAM. This is a repeat of numbers in essence that were placed before 
you last week. What it amounts to is taking the various estimates of present 
levels in the bone, or present levels in the soil, and applying ecological diserim- 
ination factors, and estimating what the equilibrium level will he when our 
entire environment is in equilibrium with the present test rates, assuming 1¢ 
megatons of fission yield per year injected into the biosphere. 

All this amounts to is taking the various estimates of present bone and soil 
levels and applying Dr. Libby’s factor of 8, which is about what these levels will 
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be increased by when equilibrium is reached, assuming that we can continue to 
test at 10 megatons fission yield per year. 

First, we can take Dr. Libby’s estimate given in his recent speech, in which he 
estimated that the United States or rather the north temperature population 
belt, would reach equilibrium bone levels of somewhere between 5 and 20 sun- 
shine units. These values were derived by assuming different ecological dis- 
crimination factors: 1 in the region that Dr. Neuman is talking about, and 1 in 
the region which Dr. Libby has talked about on ecension. un around 80. 

If we take Dr. Kulp’s estimate of two for the equilibrium bone level assuming 
no more tests, which, of course, is for the general population of the latitudinal 
belt, and multiply it by 8, we obtain an equilibrium bone level of 16 for continued 
testing at the present rate. 

I have taken Kulp’s bone data and applied certain corrections that I think 
refine it to some degree. 

Mr. Houutster. At the present rate of testing, and assuming the rate continues, 
or at the present rate of testing, assuming no more testing? 

Dr. LANHAM. These are numbers assuming we continue to test at the equiv- 
alent of 10 megatons of fission products injected into the biosphere per year 
until we reach equilibrium. This is until the decay of strontium is equal to the 
amount we are putting up. 

So we have 5 to 20 sunshine units by Dr. Libby. Dr. Kulp’s numbers give 16. 

Our numbers from Dr. Kulp’s bone data is 25. 

Mr. Eisenbud, in this meeting, estimated about 40 from New York milk data. 

My estimate on the basis of other milk data given an equilibrium bone level 
of 29. 

If we take the soil data, which is the 22 millicuries per square mile that Dr. 
Libby has estimated at present, multiply by 1.8 to give sunshine units in the soil, 
and apply a discrimination factor of 10 in going from soil to bone, we come out 
with 42. 

Now. Dr. Machta’s numbers that he inst anoted are handled in this fashion. 
That is, we take the soil numbers he gave, multiply them by about 2 (1.8 to be 
exact) to get them to sunshine units in the soil, and then take one-tenth of that, 
assuming a discrimination factor of 10. and we come out with an estimate of 
from 70 to 170 sunshine units (auc Sr”/g bone Ca) as the equilibrium bone 
level that will be reached if biospheric contamination continues at the present 
rate. 

Mr. Ho.uister. Which soil data are you taking now? 

Dr. LANGHAM. The ones Dr. Machta just gave as the equilibrium level with 
continued testing (350-850mc/mi’*). Is that not right? 

Dr. MacnTa. Yes. 

Dr. LANGHAM. The ones he just gave would predict, then, for the United States 
on this basis, assuming a discrimination factor of 10, 70 to 170 sunshine units in 
bone at equilibrium. 

Now, the maximum permissible level that we have been talking about is 100 of 
these units. So I think you can see that at the present rate of testing, if we 
assume all numbers other than Dr. Machta’s are correct, the average is a factor 
of 3 below what we have accepted as a maximum permissible level, meaning that 
we can assume that some people will be 3 times the average value, and still not 
exceed what we have set as a maximum permissible level. 

If we take Dr. Machta’s number of 70 sunshine units which is his best or aver- 
age number—is it not—for this? 

Senator ANDERSON. The lowest number. 

Dr. LANGHAM. The lowest number. Then our present test rates would not 
allow a factor of three safety. If we take his most pessimistic guess, then our 
present test rates could not be permitted. 

Senator Anperson. Actually. Dr. Neuman’s testimony of 2.2 megatons of fis- 
sion products to be somewhat safe—I hope I do not misstate you, Doctor—would 
indicate also we would be a little bit above what he regarded as a safe level. I 
should not have saidit. Maybe you should. 

Dr. NEUMAN. I made two calculations, one using the MPC of 50, and one using 
the MPC of 100. Using the 100 value, I came out with a maximum equilibrium 
test rate of 4.4 megatons of fission products injected anually into the strato- 
sphere. But in that calculation I assumed Campbell’s model, and 20 percent 
overall decay due to the reservoir, and I used a factor only of 2 to take care of 
the variation in individuals, but I used a factor of 3 for nonuniformity. 
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So, in a sense, my calculation really anticipated Dr. Machta’s, although I did 
not know I was anticipating it at the time I made it. 

Senator ANDERSON. It is very interesting that the two worked out as they did. 

a * > 2 * * * 
(Extract from 1957 hearings, pp. 1341-1542) 

Dr. Macuta. My numbers on the board obviously stick out like a sore thumb, 
The reason lies partly in the factor of 8 used to increase the other values. The 
aging factor that Dr. Libby just indicated as being included in the 8—when you 
put that in my figures, they would be reduced to the same order of magnitude 
as the others. So those numbers are not comparable. If you do not take into 
account Libby’s aging factors, and if you make the assumption, for example, 
that half of what fell out in the United States is tropospheric, and half 
stratospheric, then instead of a factor of 8 you get something like 14 for the 
conversion of the 5-year fallout to equilibrium fallout. 

Further, if you assume what came out of Castle is only 3 years old instead of 
5 years old, the number 114, becomes even higher. 

So this is the reason for the difference. Dr. Libby has incorporated in the 
8 other factors. These and other differences should be included in the 70 and 
170, and the changes will bring my answers down to the others. So as now 
written they are not comparable and I do not wish the record to show this 
comparison. 

Dr. Lipsy. Should they not be still higher? 

Dr. Macuta. No, I do not think the answers will come out higher if you take 
into account the aging and other factors. 

Mr. HoLuisTeErR. Do we not all agree on the discrimination factors? So there 
is only the question of uniformity and nonuniformity, and the upper limit would 
have to be higher; isn’t that so? 

Dr. Macutra. The upper limit, yes. 


Representative Hoxiriretp. You finished your statement, Dr. Neu- 
man. I think at this time we will have a short statement by Dr. 
Libby, and then we will have the whole matter before us. 

Dr. Liesy. I have been asked, Mr. Holifield, to make a short tech- 

nical statement on the ways of reducing worldwide or off-site fallout 
from testing at a given level. I will not attempt to be strictly quan- 
titative, but will give general ranges coupling the expected fallout 
with detonation conditions and will estimate the quantities of fission 
products available from deposition from alternative methods of test- 
ing. 
"There are two methods of reducing the off-site worldwide fallout 
below the 100 percent value which holds for atmospheric tests. It is 
important to emphasize that the atmospheric tests, as far as we know, 
give all of their fallout offsite and worldwide. These two methods 
have been used and investigated by the AEC and the Department 
of Defense. 

The most effective of these is underground testing at such depths 
and in such rock formations as will completely contain and seal in 
all of the radioactivity produced. 

As you know, we have conducted a total of five nuclear shots to 
investigate and us this technique. We have done enough to know 
that such underground confinement is possible and is a way to con- 
duct lower yield shots free of offsite fallout or free of any fallout. 

It is necessary to emphasize that our experience is limited and that 
we have to learn more about such matters as the characteristics of the 
rock necessary to completely seal in the radioactive fallout so that it 
sannot contaminate ground waters or escape to the surface. The 
whole technique is very promising, and we believe most of the Nevada- 
type shots can be made in this way. 
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The second method we know about and have experience with is 
firing on the surface of the land or the ocean in remote areas of the 
Pacific so that much of the fallout will drop back into the ocean. We 
believe that surface land firing retains about 80 percent of the fallout 
on the site. So if we fire on coral atolls, only about 20 percent of the 
fallout is dispersed worldwide, the remainder falling out in the ocean. 
Surface ocean shots appear to release something between the 30- 
percent figure that the Department of Defense has used in its cal- 
culations and the 80-percent figure I have used. Perhaps the best 
figure may be something like 50 percent. But in any case, a consid- 
erable amount of the fallout will fall back into the ocean in the case 
of een on the ocean barges in the remote areas of the equatorial 
Pacific. 

There are further developments of the surface firing technique 
which may be helpful. For example, from Operation Hardtack last 

ear we put silica sand in the barges in the hope that the fallout would 
5 made insoluble, that is, would not dissolve in water, and therefore 
be harmless as far as strontium 90 is concerned, and also reduce the 
cesium 137 exposure substantially. To date we have not been success- 
ful in obtaining data completely conclusive on the solubility of the 
very fine Hardtack debris which does not fall into the Pacific Ocean. 
So we cannot say at this time whether this idea worked or not, but 
it seems likely that it will work at least to a limited extent. 

There is a fourth possible technique which may give very low fall- 
out, and this is the technique of firing in outer space. I must point 
out very carefully that this must be far enough out so that there is 
no atmosphere. A distance perhaps somewhere near halfway to the 
Moon or even farther would be best. We have had no experience 
with this method so far, so most of it is theory. But the theory looks 
pretty sound, and it says that the only fallout which would come down 
would be the fraction of the total solid angle subtended by the Earth 
at the site of the detonation. 

This fraction for a distance of 60,000 miles above the Earth would 
be 1 in 900, or a little over one-tenth of 1 percent. So, to sum- 
marize, there are several ways of conducting tests which reduce the 
amount of fallout or its effects appreciably. 

Two of these are pretty well proven. The third is in process of 
being tested, and the fourth is conjectural and theoretical, but may 
be promising. 

Representative Hoxirretp. Dr. Libby, you have brought a very 
important point into the discussion. The whole world is concerned 
about the fallout from tests. It has been a weapon of propaganda by 
the Soviet Union, and it has alarmed the people throughout the world. 
The moral issue of whether tests should be held or not or whether war 
should be waged or not is not being considered in this particular hear- 
ing. The data which we are accumulating are for people to use to 
make up their minds in the field of moral or religious conviction. 
However, if this process of testing—and I am looking at it from the 
technical standpoint—can continue without contamination of the 
world’s atmosphere, you certainly take away from the Soviets one 
of their greatest weapons of propaganda. 

I would like to have a full discussion on this as far as security 
allows us, as to the relative progress which could be made in weapon 
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development by limiting ourselves to underground tests, and far out 
into space stratospheric tests. 

I would like to also have a discussion as to the relative difficulties 
involved as far as the obtaining of test data from space is concerned 
at this time in our history. 

Dr. Lissy. I would say that our underground experience has been 
limited to pretty small explosions. Our biggest one was something 
like 20 kilotons TNT equivalent. Of course, that is a long way from 
some of the explosions which we have conducted in our experiments 
in the past. So in the statement I made that so far as we see at the 
moment, the Nevada-type test—the kinds of explosions we felt free 
to conduct in Nevada, and you know, Mr. Holifield, we have limited 
the magnitude of those for obvious reasons—can be run underground. 
I want to hasten to point out that you can’t blow a tank over from a 
device buried underground, or you can’t perform troop training exer- 
cises and things of this sort far underground. Dr. Shelton will point 
out immediately that the Department of Defense loses certain effects 
information from underground testing. As far as telling about how 
the device works in its innards, we think we can do pretty well. 

Our experience, as I say, is limited, but it looks quite hopeful that 
we can tell how the thing works and most of what we need to know 
without radioactive fallout. 

Representative Horirrecp. The point that you make, then, is that 
as far as the development of small weapons is concerned, you can 
utilize the underground method. But as far as the effects which might 
occur from those weapons on military equipment is concerned, of 
course, you are precluded from that type of knowledge. 

Dr. Lippy. Yes. 

Representative Hotirtetp. Dr. Shelton, do you wish to add any- 
thing to that area, and then we will have questions on it. 

Dr. Suetton. Maybe just to amplify the subject a little further. 
The Department of Defense, of course, is vitally concerned in the 
employment of the weapons as we require them if it is necessary 
to goto war. The environments with which we must be familiar are 
those environments in which we would employ the weapon in the 
actual circumstances. Therefore, underground testing and away 
out in space are not the most likely environments for the immediate 
applications of the weapons. Just to amplify again, under these two 
types of testing situations, we are reduced to very small amounts of 
information on the main purpose of the weapon, that is, how to use 
it and where to use it and what it will do. 

Representative Horirretp. But you have had a great deal of testing 
experience on the large weapons in the atmospheric environment. 
There has been a limited experience in the development of small 
weapons in the environment. So it would be reasonable to suppose 
that if the cessation conference on weapons testing is not successful, 
and that testing is resumed, that you could proceed in the field of 
small weapons by this means without contaminating the atmosphere. 
Is that correct ? 

Dr. Suetron. I believe there is quite a bit of profit in the develop- 
ment of small weapons. 

Representative Hoxirtenp. Will you both testify in a general way 
on the difficulties and the limited or extensive area which may be in- 
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volved in the stratospheric testing? I notice you suggested making 
the tests halfway to the moon. I would say that is a long way to 
bring data back. 

Representative Hoxrtrreip. Could we keep on the ground for a 
moment ? 

Doctor, this contaminated area that is developed as the result of 
underground shots, does the material remain contained until it loses 
its life? 

Dr. Lrspy. As far as we can tell from Rainier, and that is our 
oldest: one, it is still sealed in that kind of beer bottle glass that was 
made. You remember what happened. It blew itself a bubble about 
110 feet in diameter and the skin of the bubble was about 3 or 4 inches 
thick of molten glass, I think is the best way to describe it. That 
sealed into the glass all of the fission products or essentially all of 
them—a very small fraction, less than 1 percent, of the gaseous mate- 
rials like krypton managed to escape—but even the gases were 
trapped and pretty well sealed into this glass. 

Representative Van Zanpr. Then there is just a small possibility 
of contamination beyond the area of the bubble? 

Dr. Lrssy. That is correct. There was no contamination from the 
Rainier shot even of the test site. We can still go back in there and 
pick up the black looking molten glass, and it has the material in it. 
In my statement I made clear we had further study to do about the 
nature of the rock. This was a good rock for this particular kind of 
experiment. We don’t know for sure that some other kind of rock 
would seal it in as well. So we have some more work to do on that. 

Senator Gore. Mr. Chairman, what you are saying is that the in- 
tense heat glassifies, if that is a good word—not. classifies—the sand, 
the rock, the material and encases the radioactivity within the glass. 
Glass being insoluble, it remains. 

Dr. Lrssy. That is correct. 

Senator Gore. Doctor, what are the essential things you want to 
learn from the test of a newly designed small weapon? Is it not first 
its workability ? 

Dr. Lissy. That is correct, to be sure that it works. 

Senator Gore. You want to know if it will detonate and if the 
mechanism is workable. 

Dr. Lipsy. That is right. 

Senator Gorr. Secondly, you want to know the yield of the 
weapon ? 

Dr. Lipsy. That is right. 

Senator Gore. Thirdly, you want to know the amount of radio- 
activity created thereby. 

Dr. Lissy. That is right. 

Senator Gorr. Cannot all of these three essential results of a test 
be obtained from an underground detonation ? 

Dr. Lissy. We certainly believe so, though until we have more 
experience, I would say we couldn’t say that we are absolutely certain. 
Our laboratories and our technical people seem to believe that we 
can do pretty well in the small weapons field without making any 
radioactive fallout by underground testing. 

Senator Gore. From the standpoint of defense capability and appli- 
cability, the principal loss is in the inability to test effects upon weap- 
onry, mechanism, et cetera. 
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Dr. Suetron. Mr. Gore, that is essentially correct. If one were 
to think about very new weapons with which we perhaps would have 
very little experience in their effects on man or equipment, or the effects 
on other types of defense, we would always be extrapolating. We 
would always be taking the output of the weapon inane and 
saying what will it do in the case of war. To the extent that the 
weapons—lI can’t visualize the weapons in 1965—are so radically dif- 
ferent from what I am used to and the effects I have measured today 
that we may be getting so far afield that I would just be hesitant to 
say that those weapons would have their maximum benefit and use 
within the Department of Defense. 

Senator Gore. The purpose and trend of weapon development in 
the nuclear field has been toward development of a smaller warhead 
or projectile which will give the required explosive capacity; is that 
correct ? 

Dr. Suevron. Generally the military characteristics have been stated 
broadly in those terms. There have been, however, refinements to 
them which I don’t think we can discuss. 

Senator Gore. Without referring to particular numbers, is it not 
a fact that a weapon now weighing only a very small percentage of 
the weight of the first atom bomb dropped will give an even larger 
blast ? 

Dr. SuHetron. That is certainly true. 

Senator Gore. This kind of information, the yield of the weapon, 
the testing of the design of the weapon, the workability of the weapon, 
the amount of radiation created thereby, is, as the doctor has testified, 
obtainable in underground tests. So, though the Defense Department 
would undoubtedly give up something if the atmospheric tests were 
stopped, neverthcless, insofar as perfection and development of under- 
ground weapons are concerned, with the exception of learning the 
specific applicability, such could possibly be accomplished in under- 
ground tests. 

Dr. Suetton. I think that is correct, sir, to the extent that our 
present meager information on testing underground pays off and we 
don’t find very large difficulties in obtaining those things that you 
just discussed. Our experience in underground testing is very limited 
at thistime. The fact that we can develop weapons underground may 
involve a pretty rough road ahead of us, that is before we really iron 
out the problems. 

Senator Gort. Mr. Chairman, I want to ask a few questions on tests 
in interplanetary space, but I will yield to you to go into that. 

Representative Horirtevp. It is perfectly all right. We are ready 
for that. Is there any particular statement on the part of Dr. Libby 
and Dr. Shelton in regard to the planetary space testing to set the table 
for the Senator’s question? Congressman Durham, did you have a 
question ? 

Representative Durnam. Mr. Chairman, carrying that a little fur- 
ther, of course, we may lose something, but I think we have to think 
in terms of what we gain. This galaxy here this morning of select 
brains—some of the finest in the world, in my opinion—must not for- 
get this one thing: That we confine strontium 90 and cesium and we 
have no danger from underground testing, as I understand Dr. Libby’s 
statement. We did not put more in the air. The Defense Depart- 
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ment might have lost something here and yonder in assessing the value 
of the weapon which would be applicable to some type of weapon 
which the enemy is going to use against us. But we have to think in 
terms of how far we protect the people of this world, and not only of 
this country. 

In thinking in those terms we have something here that is substan- 
tial and we have made a great contribution, I think, in making these 
underground tests. 

Senator Gore. I agree with you completely. The problem cannot 
be viewed alone from the standpoint of weaponry. Indeed, the moral 
and political position of the United States in the family of nations 
of the world is just as important and just as essential to our national 
security as is our military strength. This problem must be viewed 
in balance. 

Representative Hotirretp. Did you wish to make a statement in re- 
gard to the techniques involved in stratosphere testing? I realize 
you cannot go into that to any great extent, but at least give us what 
you can. 

Dr. Lissy. I haven’t much to add to the statement I made. The 
main point is that it is theoretical, but the theory looks pretty sound. 
We have seen that fairly sizable objects can be carried out beyond 
the Moon. We think the fallout calculations where you do it just by 
the shadow the Earth casts on the side of the explosion is a sme calcu- 
lation. We have no experience with it, really, on which to say how 
practical it is, Mr. Holifield. The only things that even approach it 
were the Johnston Island shots and the Argus shots, but they are at 
much lower altitudes. So it is conjectural. Though it looks promis- 
ing, I would hesitate to give you the impression that it is just around 
the corner or anything like that. I think it is a possibility which we 
must keep in mind. As far as the fallout hearings are concerned, I 
think we can say pretty certainly that this kind of testing gets rid of 
most of the fallout. 

Representative Hoiir1etp. Dr. Shelton, you agree to that? 

Mr. Suevton. Yes, I have nothing to add to that statement. 

Dr. Sevove. Mr. Holifield, recently the United States proposed a 
cessation of tests below 30 miles of altitude. I understand, as Dr. 
Libby has indicated, that for a test carried out at 100,000 miles from 
the Earth, very few of the radioactive particles emitted will be going 
in the direction of the Earth, and therefore we will get a reduced fall- 
out. But by the same token an explosion carried out fairly close to 
the Earth, even a few hundred miles above the surface of the Earth 
directs the radioactive particles half toward the Earth and half away. 
Even if the explosion is in the region where there is no atmosphere, 
the half directed toward the Earth would travel down toward the 
atmosphere until the particles finally became imbedded in it. So one 
would think that explosions at altitudes of even a few hundred miles 
would deposit in the very outer regions of the Earth’s atmosphere half 
of the total amount of fallout. 

Representative Ho.irretp. You would confine that to the long-lived 
particles, rather than the short lived. 

Dr. Setove. Yes. The critical question, of course, is this: Once one 
deposits this amount of material in the very upper layers of the atmos- 
phere, how long does it take for it to come down to the Earth’s surface ? 
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I have observed that in the official statements that have been made by 
the U.S. Government there has been no direct statement that fallout 
from shots above 30 miles will be sharply reduced, although I must 
say it seems to me the statements are phrased in such a way that one 
easily reads them to mean that. I wonder whether Dr. Libby might en- 
lighten us somewhat on this question as to just how much information 
we have on what the fallout would be from shots at such altitudes. 

Representative Houirterp. Dr. Libby’s statement covers shots far 
out, half way to the Moon. Of course, he does not treat with the areas 
closer to the Earth. Let us assume, for the time being, we are talking 
in terms of 500 or 600 miles from the Earth. Is that satisfactory ! 

Dr. Sevove. Yes. 

Dr. Liassy. I would think that Dr. Selove’s statement is completely 
right, that half of it would come into the top layers. It is just a matter 
of the angle. As we understand it, the fallout particles from a shot 
outside the atmosphere have velocities which are above the escape 
velocity. You might think they would be dragged in by their weight, 
the Earth’s field would pull them in, but our theoretical calculations 
which are pretty solid would seem to indicate that this is not the case. 
The force of the explosion is adequate to give them velocities greater 
than the escape velocity. So the question really is, How big does the 
Earth look at the site of the explosion? If you are 500 to 600 miles, it 
covers just about half the sky. So something like half will be caught. 
However, there is a problem; we don’t know just now how rapidly 
stuff put in the very top of the atmosphere mixes. I have always been 
a proponent of the fact that it mixes pretty fast. There are others, Dr. 
Shelton and Dr. Machta, I believe, who take a somewhat different view, 
that it takes a longtime. I don’t think we are sure how long it would 
be before this stuff that was put in the very top of the atmosphere got 
down on the ground. 

Let us assume that it gets down in less than 40 years, which is the 
lifetime of the cesium and strontium which we are most worried about, 
I think Dr. Selove’s statement is essentially correct. 

Representative Horirretp. Senator Gore. 

Senator Gore. Dr. Libby, scientists have many advantages over 
politicians. Politicians may have a few advantages over scientists. 
One of the advantages that a scientist has in this field is that he can 
make a statement which to the public may appear bizarre, and be 
called a genius. When a politician makes such a statement, he may 
very readily be classified as a crank. When I suggested some months 
ago that we reserve the right to test in outer space, I had just such an 
experience. You say that we have not had experience in testing in 
outer space, but that theoretically it is possible and may be promising. 

Dr. Lipsy. Yes. 

Senator Gorr. Would it not be possible theoretically to obtain these 
same three essential pieces of information to which I referred in un- 
derground tests by telemetering the results from outer space? Could 
you not in fact telemeter back the workability? You could find out 
whether or not the mechanism worked, could you not? 

Dr. Lipsy. Presumably some such plan would be used or have to be 
used. 

Senator Gorr. I am presuming that we will develop a rocketry 
capability sufficient to project such a weapon into space with a sta- 
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tion which could separate with telemetering instrumentation. Upon 
that presumption it would be possible to determine if the device 
worked. 

Dr. Lipsy. Yes, sir. 

Senator Gore. Could you not also determine the amount of the 
yield of the weapon ? 

Dr. Lissy. This is one of the difficult points, Senator Gore. I am 
not sure we know enough at this time. 1 would think so, but I don’t 
think we can say we are sure. 

Senator Gore. I would not say we are sure about anything here. 

Dr. Lissy. The difficulties of getting the instrumentation to work 
in that short instance of time is a pretty tough problem. I would say 
we have a lot to learn before it can be done, but it looks very prom- 
ising, and I see no theoretical blocks or no theoretical barriers that 
look insurmountable. 

Senator Gore. Could you obtain this third essential information, 
the amount of radioactivity created by the detonation ? 

Dr. Lissy. That might be more difficult. It is a little hard to say 
offhand. One would have to get samples back, I imagine. It prob- 
ably can be done. 

Senator Gorp. You say we have had no experience. Have the Rus- 
sians ¢ 

Dr. Lissy. As far as we know, no, I would say. 

Senator Gore. Do you know that they have or have not? 

Dr. Lipsy. I don’t think anybody in this country knows that the 
Russians have done this. I think we would know. 

Senator Gore. Do you think we would know? 

Dr. Lissy. I would think so. 

Senator Gore. Do we have means of detecting a detonation a mil- 
lion miles from the earth ? 

Dr. Lipsy. That I am afraid is difficult. I am probably wrong 
about saying we would know at that distance. We probably would 
not know at that distance. I keep thinking between here and the 
moon where you can see it. 

Senator Gore. One of the professors and I got in differing fields 
yesterday. I have been informed that we did not have means of 
detecting such a test now, and you say that is true? 

Dr. Lipsy. I think I am not knowledgeable enough to be sure on 
that. It probably is true. You are talking now about a million 
miles. 

Senator Gore. Yes. Do you think the Russians have a rocketry 
capability of projecting a weapon that far from the earth ? 

Dr. Lipsy. I really don’t know, Senator Gore. Maybe Dr. Shelton 
could answer better. We know what they say the weight they have 
projected beyond the moon. I don’t know for certain this means 
they could have done what you say or not. What would you think? 

Dr. Suetron. Again I don’t recall the exact weight of the satellite 
they called Lunik to either the moon or the sun, and as it turns out 
it is orbiting the sun, which is about 90 some million miles away 
from us. But we don’t know the exact weight. I don’t recall it, but 
I think that number is available. It could be like a thousand pounds. 

Senator Gore. TI will not belabor the point. There are two points 
I am trying to make here. One is that the Russians seem to have a 
superior rocketry capability. Is that correct? 
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Dr. SHeuron. I think there is some good evidence of that, yes. 

Senator Gore. I will accept that. Secondly, we do not know 
whether they have or have not conducted such tests—that is, posi- 
tively—is that correct ? 

Dr. Lipsy. That is right. 

Dr. SuHettron. Yes. 

Senator Gore. Doctor, would it be permissible for you to tell us 
here, and I do not know whether it is permissible, you be your own 
judge, why the 50 kilometer point of demarcation was fixed in the 
President’s letter ? 

Dr. Lrssy. I can give you a little background, Senator Gore. The 
conference of experts which met in Geneva last summer to discuss 
the technical aspects of control and inspection and detection and 
identification carried their considerations only to 50 kilometers. They 
didn’t go above this. They rather arbitrarily limited their considera- 
tions to 50 kilometers. That background may suggest to you that this 
was involved in the mentioning of that number. You see, it is quite 
a housekeeping job to set up a control system for a treaty to cease 
nuclear testing, and to make a proposal which you don’t know pretty 
well just how you are going to go about it is difficult. The experts 
conference did deal with explosions up to that altitude, and rather 
arbitrarily stopped at about that point. 

Senator Gore. You think we have means of detection of explosions 
toan altitude of 30 miles? 

Dr. Lissy. The experts seem to think so. The only part of the 
experts’ report I disagree with was their capability of underground 
detection. It seemed to me they made assumptions there which were 
not justified, that they could detect underground. But the rest of 
the report seems to me to be pretty solid. I think they are right. 

Senator Gore. Has the Commission received any reports from 
Turkish pilots or others of the appearances of auroras, in the sky over 
Russia ? 

Dr. Lispy. None that I know of. Of course, we had some from 
the Argus shots. They were not particularly over Russia. 

Dr. Suetron. I am not in a position to answer that question as to 
whether we have or there have been observed auroras or peculiar 
glows over Russia. 

Senator Gore. You say you cannot.answer it ? 

Dr. Suevron. I am not capable of comment on that. 

Senator Gore. Dr. Libby, do you know if the Killian group—if 
that is a fair way to describe it—has conducted studies about the 
possibility of hiding nuclear tests underground and in outer space? 

Dr. Lipsy. Yes. They have been concerned with all of these 
matters, Senator Gore, and made very interesting studies. 

Senator Gore. Are those studies classified ? 

Dr. Lissy. They have not been published yet, Senator, I believe. 

Senator Gore. Is that classification done upon the recommendation 
of the Atomic Energy Commission ? 

Dr. Lissy. We are not directly involved in that, and I would 
answer no to that, because we are not directly involved. 

Senator Gore. Has the Atomic Energy Commission made any 
recommendation that these reports be declassified ? 





of 
th: 


th 
ou 
mi 


it 
eh 


ag 
in 


hi 


aS 
1e 


16 


id 


» 

a- 
is 
te 


ts 
aT 


1s 


1e 
d 
re 
»f 


if 


le 


FALLOUT FROM NUCLEAR WEAPONS TESTS 1819 


Dr. Lipsy. We would like to see as much information on this kind 
of thing come out as can without revealing weapons information and 
that kind of thing. So we want to see them come out. 

Senator Gore. Mr. Chairman, I have not seen the reports and even 
if I had seen them, I would not be the proper person to judge whether 
they should be declassified. But I do suggest that this committee 
ought to have copies of these reports, and I do not believe the com- 
mittee has been provided copies of these reports. Thank you. 

Representative HonirieLp. I would say we have one more panel, and 
it is necessary to hear one more set of witnesses, and we wish to con- 
clude this morning because of other commitments. 

Representative Van Zanpr. Dr. Libby, as I understand it was 
agreed that we do not have devices that will detect nuclear explosions 
in outer space. Is that your understanding? 

Dr. Linsy. What I said was that it seemed to me we would see them 
out around maybe as far as the moon, but out beyond that I don’t be- 
lieve any such devices exist. 

Representative Van Zanpr. Dr. Selove, you said that any nuclear 
explosion in outer space would add to the contamination in the strat- 
osphere, is that correct ? 

Dr. Sevove. I indicated a mechanism by which 50 percent of the 
fallout could be expected to be deposited in the upper reaches of the 
atmosphere. As a matter of fact, one can think of a mechanism 
whereby 100 percent could be deposited even for explosions at several 
hundred miles. That is, the radioactive fisson fragments which are 
produced in an explosion are electrically charged, and they will make 
circular orbits around the magnetic lines of force in the same way 
described for electrons in the Argus test. One can imagine a mechan- 
ism whereby even for an explosion at several hundred miles all of the 
raidoactive material could be deposited at the top of the atmosphere. 
Whether it comes down through the atmosphere before it has decayed 
away radioactively or not, there seems not to be enough evidence to 
say. 

Representative Hovirtetp. If there are no further questions, gentle- 
men, we express our thanks and our appreciation for your testimony 
once again. You have brought some very valuable testimony to the 
public in your testimony this morning. 

At this time we will ask Dr. Charles Dunham, Chief of the Di- 
vision of Biology and Medicine of AEC, Dr. Francis J. Weber, Chief 
of the Division of Radiological Health of the Public Health Service, 
and Rear Admiral Parker, representing the Defense Department, to 
come forward to the witness table. We will have a discussion of 
surveillance and monitoring and research programs, and the organ- 
ization of these programs. You may proceed. 


STATEMENT OF DR. CHARLES DUNHAM,' CHIEF, DIVISION OF 
BIOLOGY AND MEDICINE, ATOMIC ENERGY COMMISSION 


Dr. Dunnam. Mr. Holifield, first I would like to correct some- 
thing for the record. There may have been a misunderstanding of 
something that Mr. Hollister said in his statement about short-lived 
isotopes. I just want to make it clear that if weapons testing in the 


1 See biographical sketch, p. 10. 
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last 5 years is repeated every 5 years for the next 70 years, a person 
would get 14 times as much dose of radioiodine to the thyroid or 
strontium 89 to the bones as he would have up to date. What he was 
trying to bring out was that it is not a cumulative thing, and you do 
not build up more and more. I just wanted to clear that up. 

Representative Horirrecp. Thank you for that clarification. I so 
understood. 

Dr. Dunnam. In the matter of the collection and dissemination of 
information and the development of research data with respect to the 
effects of fallout, I have placed in your hands simply to refresh your 
memories—this material was in my main document Tuesday morn- 
ing—an outline of how we distribute our funds within the Atomic 
Energy Commission. I do not know how much detail you wish me 
to go into at the present time. 

I think it is apparent that much of the material which has been 
presented to you during the last few days was developed with Atomic 
Energy Commission funds. On the other hand, much of it has been 
developed with Department of Defense funds and also with funds 
from other departments, including the U.S. Public Health Service. 

I have here a table (see p. 1821) which indicates that in fiscal year 
1958 we spent approximately $1,700,000 on fallout sampling and 
analysis, including money spent on collections from the stratosphere. 
In fiscal 1959, the current fiscal year, we are spending approximately 
$2,648,000 and for 1960, in our present budget presentation to the 
Congress, there is $3,564,000. 

Representative Van Zanpr. Doctor, at this point, have you pro- 
jected your planning for the future ? 

Dr. Duruam. We have projected our thinking in these areas for 
the next 5 years. We have done some thinking in this area for the next 
2 or 3 years. It will, of course, depend on what happens in the field 
of weapons testing. If weapons testing continues by either the United 
States or some other country on a large scale with the production of 
large amounts of fallout, this program would probably have to con- 
tinue to be expanded very greatly. If on the other hand with no fur- 
ther important increase of fallout produced with future weapons 
testing, this would tend to taper off. From a strictly scientific stand- 
point, if there are no contaminating tests for the next 1 or 2 years, we 
can answer a great many questions about fallout, how it behaves and 
material which would be tremendously useful in terms of any pos- 
sible nuclear war. 

What has happened in the past with our fallout studies has been 
that just as we began to get certain types of information, somebody 
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shot off another weapon here or another weapon there, and it sort of 
fouled things up generally. We are in a very unique position right 
now if things stay quiet a little longer to settle many of these ques- 
tions. I think you found that whereas there has been general agree- 
ment on some of the major issues that were points of difference 2 years 
ago, that there are still some differences in terms of the mechanisms, 
and particularly the mechanisms of uptake of fallout once it has 
appeared on the surface of the earth, mechanisms of uptake into the 
soil, into the plants and into the diet. 

I gave you at the same time a table which outlines in more detail 
the actual research arrangements in this area (see p. 1831). If you 
would like, I will ask Mr. Holland to comment on any particular 
aspects of that program which you would like to have comments on. 


U.S. ATOMIC ENERGY COMMISSION—DIVISION oF BIOLOGY AND MEDICINE 


Research project and budget summary 


Sci. Actual Sci. Estimated | Sci. Estimated 
M. Y. fiscal year M. Y. fiseal year | M. Y. fiscal year 
1958 1959 1960 








Table I. Fallout sampling 
and analysis. --_..........- 100 | $1, 708, 573 121 | $2, 648, 000 | 129 | $3, 564, 000 


Table II. Program activities 
related to the development 
of radiation standards ___-.- 





Research related to radia- 

tion standards of per- 

missible exposure (ra- 

diation biology)... .---- 854 | 15, 738, 263 919 | 18, 760, 000 970 | 21, 134,000 
Research related to radia- 

tion standards involv- | 

ing environmental con- 

tamination and waste 

ID, «= inst-<petiabsne 176 | 2,708, 122 214 | 4,064, 000 224 4, 499, 000 
Research related to pro- 

phylaxis and treatment 


of radiation injury --_-_-- 119 3, 150, 623 140 3, 632, 000 157 4, 059, 000 
Dosimetry and _ instru- 

mentation ane oe Sd 94 | 2,027,703 95 | 2,083, 000 98 2, 267, 000 
Radiation protection, 

ee ee ee ae 4 867, 616 6 1, 440, 000 17 1, 762, 000 
Radiation measurements, 

Queene. sd. ete 18 662, 924 29 919, 000 30 1, 181, 000 


Table III. Additional re- 
search including beneficial 
applications of atomic 


dc. ccthniveedbbhesto 360 | 8, 474,246 426 | 9, 696, 000 475 10, 534, 000 
Total biology and medi- “er ~~ 
cine program... _____- 1,725 | 35, 338, 070 1, 950 | 43, 242, 000 2,100 | 49,000, 000 


42165 O—59—-vol 2——56 
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Breakdown on fallout sampling and analyses program by function 


Estimate, 
fiscal year 1959 


I. Development of stratospheric and ground level sampling devices: 

Armour Research Foundation of the Illinois Institute of 
Technology 

Chicago, University of, Midway Laboratories____-__------- 
Del Electronics Corp 
General Mills, Inc 
Coonpia TSGtitate Of TOCRMOUNGT oie nnd denis hens cervidne nes 
Meteorology Research, Inc 
Western Precipitation Corp 


Subtotal 


II. Stratosnheric and surface air sampling and analysis: 
Air Force, U.S. Department of 
Health, Education, and Welfare, U.S. Department of, PHS_- TH. 000 
Health and Safety Laboratory, NYOO, AEC * 150, 000 
Navy, U.S. Department of, Naval Research Laboratory *___- 40, 000 


Subtotal 


III. Measurement of fallout deposition on the earth’s surface and 
measurement of fallout on and in plants and animals including 
man: 

Agriculture, U.S. Department of, Soil Conservation 
Air Force, U.S. Department of, Air Research and Development 
Command’? 


Columbia U niv ersity, ° amont Geological Observatory ” 
General Electric Co., Hanford Atomic Products Division____ 
Health, Education, and Welfare, U.S. Department of, NIH__ 
Health, Education, and Welfare, U.S. Department of, BSS_- 
Health and Safety Laboratory. NWOO, AEC *? 

Interior, U.S. Department of, Geological 4 3 a ee 
Los Alamos Scientific Laboratory? 

Miami, University of, Marine Laboratory_________________-_- 
Michigan. Tniversitv of 

Mount Washington Observatory 

New Zealand, Government of. Division of Nuclear Sciences__ 
Washington, University of, Applied Fisheries Laboratory ?__ 


apsxs8y.3 
23332322323 


33 
33 


Subtotal 
IV. Compilation and meteorological internretation of fallout data: 
Commerce, U.S. Department of, Weather Bureau 


Total, fallout sampling and analyses program 
1Split function. 


2? Radiochemical analyses are a part of these programs. 

Representative Van Zanpr. Doctor, do you know of any other 
nation in the world conducting an activity similar to ours in this 
particular field of fallout ? 

Dr. Dunnam. The British are doing some very fine work. I don’t 
think they have available the funds we hove for some of these stndies 
but they are doing very excellent work. We have very little in- 
formation on what, if anvthing. the Russians are doing. 


Renresentative VAN Zanprt. In the free world, it is a British- 
United States effort ? 


Dr. DunHAM. Very largelv. ves. Very definitely. 
Renresentative Duran. Dr. Dunham, the $49 million is included 
in your authorization bill, this year, is that correct ? 





|3| 2233 3) 2333335 


332232232222222 2 


I 


2 3 


2 


FALLOUT FROM NUCLEAR WEAPONS TESTS 1823 


Dr. DunHam. That is correct. That is now in the budget before 
the Congress. 


Representative Durnam. It has been approved by the Budget 
Bureau ¢ 

Dr. Dunnam. That is correct, sir. I call your attention to the 
fact that in the next fiscal year we are asking for a sum of approxi- 
mately $35 million in an area of research which is directly related to 
the problem of developing radiation standards. 

Representative DurnaAm. The funds in the first column, the research 
goes further in this field. That is, research related to radiation 
standards of permissible exposure. 

Dr. Dunnam. Yes. 

Representative DurHam. You are trying to come up with some of 
the answers on radiation ? 

Dr. Dunnam. Yes; that is right. This row here, the $18.7 million 
figure for fiscal 1959, and the $21 million for 1960, supports work like 
that of Dr. Russell who has made such an important contribution in 
the field of genetic effects. It goes to support Dr. Brues and people 
of that sort on the matter of somatic effects. 

Representative Horirtevp. But it has other points than just the 
radiation detection system, does it not ? 

Dr. DunHam. Below this top line is strictly research or laboratory 
research. This above the line, the smaller figure is what is actually 
spent for sampling and analysis and trying to find out where the 
fallout is and where it is going. 

Representative Van Zanpr. Cannot we say other than the amount 
of money being spent on fallout sampling and analysis the rest is 
being spent on the peacetime uses of the atom. 

Dr. Dunnam. The rest of it is all applicable to the problems in- 
herent in the peacetime development of atomic energy, because you 
have the same fission product produced by atomic reactors that you 
do from an atomic weapon. 

Representative Hotir1eLp. But the things you do learn in that field 
are related to fallout evaluation ? 

Dr. DunuaAm. That is very true. It is just like work in cancer 
research, Mr. Holifield. At the Memorial Hospital at New York, the 
American Cancer Society supports research there. The National 
Cancer Institute supports the research there. We support research 
there, because they are using radiation. It is all grist to the same mill. 

Representative Van Zanpr. Is it proper to say here that the amount 
of money being spent other than on fallout sampling and analysis is 
spent in the development of the peaceful use of the atom for biology, 
medicine, agriculture, and industry? Is that right? 

Dr. Dunnam. This part of the budget has very little to do with 
the peaceful uses in industry in terms of isotope development for in- 
dustry. I feel that everything above the line here which says addi- 
tional research, which includes straight cancer research and things 
of that sort, is essentially for an agency which is developing more 
radiation than has ever been developed before. More curies of radio- 
activity, that is. It must have a research program of this sort to 
understand what it is dealing with and to face its day to day problems. 

Chairman Anperson. Doctor, do you like that term, research re- 
lated to radiation hazard? For instance, suppose somebody asked 
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what is the cost of the legislative establishment of Congress up here. 
If somebody printed the figure on cost of legislation and things related 
to it, you would have to list every lobbyist in Washington and add 
all those totals to show what Congress cost. Don’t you think we 
should talk about what we are actually doing on radiation standards 
of permissible exposure. 

Dr. Dunnam. The actual standards are a result largely of the de- 
liberations of national bodies, such as the National Committee on 
Radiation Protection, and the International Commission. These 
use the results of these research efforts and research efforts by other 
agencies to develop their recommendations for radiation protection. 
That is why I say the research is related to it. Under here is an item, 
radiation protection—physical—we actually do research on materials 
that can be used to protect individuals from radioactivity, and the 
shielding properties of certain substances, and that sort of thing. 

Chairman Anperson. Is that all included in the $18 million? 

Dr. Dunuam. That is all included in the $30 million. It is an 
item here of $1,440,000. 

Chairman Anperson. Have you any study that shows exactly how 
much you are spending on trying to measure fallout data? 

Dr. DunHAm. That is the top row. 

Chairman Anpgrson. That is the analysis of it? 

Dr. DunHam. Yes. 

Chairman Anperson. That is really all the money that is directly 
spent in that field? 

Dr. Dunuam. That is directly spent in actual measurement of fall- 
out and how much is where. 

Chairman Anperson. In your position, did you receive the report 
of the General Advisory Committee that has been referred to a day 
or two ago? 

Dr. Dunuam. Yes, sir. 

Chairman Anperson. Did you think it a clear report and a satis- 
factory one? 

Dr. Dunnam. I thought, considering the time that was available to 
them, they made a very considered statement, yes, sir. 

Chairman Anperson. What time was available to them ? 

Dr. Dunuam. I think they had 

Chairman Anperson. Isn’t all time available to them? They have 
been in continuous operation for years and years and years. What 
was the time available to them ? 

Dr. Dunnam. For making the particular study and report. 

Chairman Anperson. They had to get it in for this hearing. 

Dr. Dunuam. That I don’t know. 

pitatmen AnpeErson. What do you mean by the time available to 
them ¢ 

Dr. Dunnam. They met in Washington, I think, and for a period 
of 3 days, and received information which was provided by the 
Division of Biology and Medicine, provided by Admiral Parker and 
had and provided by the Surgeon General of the Public Health 

ervice. 

Chairman Anperson. We won't quibble. It was 214 days, wasn’t it? 

Dr. Dunuam. Yes, I guess it was. 
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Chairman Anverson. In that 214 days you gave them the material 
and they digested it and came out with this report? 

Dr. Dunnam. That is right. 

Chairman Anpvrrson. They said all the information on fallout had 
been released. I referred the other day to the Langham report that 
is not released. Were they told how much had been released, and how 
much was not released, so they would not have made that erroneous 
statement about all the information being released ? 

Dr. Dunnam. May I look at a copy of their statement before I 
answer the question ? 

Chairman AnpErson. Yes. 

Dr. Dunnam. I think they used the word “significant” fallout data, 
and I don’t pretend to know what their interpretation of the word 
“significant” is. 

Chairman Anprerson. Then you can’t tell whether the report was 
good or bad until you know what significant meant. For instance, 
they don’t apparently feel this Cowan-Langham- Anderson report from 
the scientists at Los Alamos is significant ; although more measuring 
has been done there than anywhere else in the world. 

Dr. Dunnam. They have done an awful lot of measuring, but I 
question your conclusion that they did not consider the Langham re- 
port significant. 

Chairman Anperson. They said “We find the Atomic Energy Com- 
mission has released all significant fallout data to other agencies and 
to the public.” We just had testimony from Dr. Langham that it is 
not released. He gave us some reasons why. I accept the reasons as 
valid. But the significant fact is—I should not use the word “signif- 
icant”—the essential fact is that they are not released. Now comes the 
GAC, in order to get out this story about the 5 percent, and says all 
significant data have been released. It was not released. Why didn’t 
you fire the report back to them and say “Take another look at them,” 
or isn’t that part of the AEC function ? 

Dr. Dunnam. I don’t know that they have seen Dr. Langham’s 
report. They may have. 

Chairman Anperson. What is that? 

Dr. Dunnam. T don’t know that they saw Dr. Langham’s report. 

Chairman Anperson. They saw enough of it so they classified it. 
If you have any question about it, Dr. Libby understands they classi- 
fied, Dr. Langham was on the stand—weren’t you here when he testi- 
fied yesterday—and I asked him about it? 

Dr. Dunnam. I thought we were still talking about the General 
Advisory Committee, sir. 

Chairman Anperson. Let us see if we can start again. The Gen- 
eral Advisory Committee report which Mr. McCone sent to the com- 
mittee under date of May 5, 1959, contains this statement in their 
report which was dated May 4: 

We find that the Atomic Energy Commission has released all significant fallout 
data to other agencies and to the public. 

Dr. Langham testified yesterday—I have to go back and say I tried 
my best to get the Langham report and reevaluation of the earlier 
report which was kept classified about 2 years, although the people 
that prepared it recommended its declassification, and those of us who 
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studied it could not find a single thing in it that needed to stay classi- 
fied, but they nonetheless kept it under wraps until a couple or 3 or 4 
weeks ago—time goes pretty rapidly these days—but I knew Dr. 
Langham was preparing a reevaluation. That became available to 
the Atomic Energy Commission. I had hoped it would be released. 
I kept pushing on it and J got a letter, the letter I think went into the 
files or was at least made available yesterday, explaining that it could 
not be declassified. It had to remain classified. Do you find under 
“- basis that all significant fallout data has been released to the 
public? 

Dr. DunHam. It is possible that that sentence and the one that fol- 
lows are mutually incompatible. 

Chairman Anperson. Who wrote this section of the report? Was 
this suggested to the General Advisory Committee by any particular 
group as tentative language that they might or might not adopt? 

Dr. Dunnam. Not so far as I know. 

Chairman Anperson. Did your office help in the preparation of this 
document ? 

Dr. Dunuam. I was consulted personally on other aspects of it, but 
not on that particular part. 

Chairman Anperson. Was anyone in your office consulted on that 
particular aspect of it? 

Dr. Dunnam. Not so far as I know, sir. 

Chairman Anperson. You evaluate the fallout hazards from tests 
to date and do not make any further predictions like the panel] we have 
had here before us did. Do you think it would have been well to make 
any evaluations of what would happen if fallout-continued ? 

Dr. Dunnam. When? 

Chairman Anperson. When the GAC turned in its report. That is 
what we are talking about. Do you think the GAC might have looked 
at that? They did not give the possibility of fallout increasing. 
They didn’t even give that the cold courtesy of a passing glance. 
Why not? 

Dr. Dunnam. I am not the GAC, sir. 

Chairman Anperson. I realize that. You have the report. It will 
be passed to the public. Why not kick it back to the GAC and say 
this is a funny study; give us one. Did they make any evaluation 
of strontium 90? As I read it, the only evaluation they gave on 
strontium 90 is that it is about like drinking water. We had some 
testimony that strontium 90 had gotten up to eight strontium units 
which was a very important discovery. Yes, up to 40 if we keep on 
testing. It is about eight at certain places now. Then when the 
General Advisory Committee gave its report, which got front page 
play lots of places, it says it is interesting to note that human beings 
have lived in many parts of the world with heavy radiation in regard 
to internal effects of strontium 90 to injection, the amount of strontium 
90 which has been found in food and water—and I stop there to say 
that includes the bread test and milk test, and I assume they were 
brought up to date on that, because you briefed them on it—in regard 
to internal effects of strontium 90, the amount of strontium 90 which 
has been found in food and water is less of a hazard than the amount 
of radium normally present in public drinking water supply in certain 
places in the United States, and in public use for many decades. 
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Doctor, would you say when you think when these units get up to 
eight strontium units that is about what you find in the public drinking 
supply in most parts of the country ? 

r. Dunnam. Did yousay most parts of this country ? 

Chairman Anperson. I intended to say in certain places. I want to 
try to get you down where you can agree with me. 7 

Dr. Dunnam. Actually what they are referring to is the drinking 
water which serves a population of several hundred thousand people. 

Chairman Anperson. Where? 

Dr. Dunnam. In the central west. 

Chairman Anperson. Where? 

Dr. DunuAm. From deep wells. 

Chairman Anperson. Where? 

Dr. Dunnam. Mostly Illinois has been studied. There are several 
times in many instances the recommended permissible amount—they 
contain several times the recommended permissible amount of radium. 

Chairman ANnperson. Do you think that this statement given here 
is designed to let the public rest easy? Does this warn them that they 
are up to 8 strontium units and may get up to 40? You mentioned 
food and water both. Was there anything in the report on milk and 
on bread that worried you in the slightest ? 

Dr. DunuAM. Worried me? 

Chairman Anperson. Yes. You are head of the division. 

Dr. Dunnam. Iam concerned, yes. 

Chairman Anperson. I think they passed it off by saying it*is wer | 
going to kill a few thousand. Don’t you believe that you ought to as 
them what they mean by the amount of radium is not any worse—the 
amount found in food and water—than the amount present in the 
public drinking supply in certain places in the United States, and in 
public use for many decades? Couldn't they profitably take another 
look at that one? What I am trying to get at, Doctor, we are con- 
stantly told, don’t worry about this strontium, it is no worse than the 
luminous watch dial. IT have worn a luminous wristwatch for a good 
many years so I assume I have all the strontium 90 exposure that I 
can get because of the radium exposure out of this watch. But along 
comes somebody who finds something in food that might be disturbing. 
Is there no place in the Atomic Energy Commission setup where that 
needs to be called to the American public or must it depend upon the 
rather vague line of communication that has to exist between the 
newspapers and the Atomic Energy Commission ? 

Dr. Dunnam. I believe my public statements and the papers I have 
— on the subject of fallout have been quite frank in stating the 

acts. 

Chairman Anperson. Doctor, I would agree with that. I think 
you have done a fine job. I have said so publicly before. I hope I 
can continue to say so publicly. I am just hoping that the public gets 
a chance to find out if there is any real hazard to this. It strikes me 
that when the hazard gets up to 8 strontium units and could go to 40 
that it is somebody’s job to talk about it, and somebody’s job who 
talks about it with enough scientific background so that the public 
might listen. I have great sympathy for a newspaper story, because 
I have difficulty finding what it is all about. I think that if I have 
difficulty with two or three people trying to explain it to me, that 


1828 FALLOUT FROM NUCLEAR WEAPONS TESTS 


somebody else might have difficulty, and that these lines of communi- 
cation are not too wide open. I am just hoping that it could be possible 
for the General Advisory Committee to be told very politely that this 
was a fine résumé of conditions as of 2 years ago, and that it might be 
still the same as now, but that we are interested in what might be going 
on 10 years from now, and it is not against the law for them to take a 
look at that. 

Dr. Dunnam. I will pass this on to them. 

Chairman ANnperson. I hope you will. I hope you will pass it 
away from yourself, because the criticism is not directed to you and 
I am sure you understand that. 

Dr. Dunnam. Thank you. 

Representative Horirietp. If there are no questions at this time, 
you have completed your summarization, Dr. Dunham ? 

Dr. Dunnam. I believe I would like to reserve further comments 
until after Dr. Weber and Admiral Parker have talked. 

(Material submitted by Dr. Dunham follows:) 
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Representative Horirtetp. Mr. Van Zandt has a question. 

Representative Van Zanpr. Doctor, could you furnish for the rec- 
ord the expenditures by the AEC for the R. and D. effort being made 
in developing peaceful uses of the atom, going back as far as pos- 
sible, and coming up to date, to show that the amount of money being 
spent by the AEC annually for the peaceful use of the atom is in- 
creasing considerably ? 

Dr. Dunnam. Yes, I will be glad to provide that for the record. 

(The information referred to follows :) 


ATOMIC ENERGY COMMISSION—DIVISION OF BIOLOGY AND MEDICINE 


Research costs related to the peacetime use of the atom 


{In thousands of dollars] 
Less: Fallout Costs 
Actual Total eosts sampling applicable 
and analysis | to peacetime 
uses 


13, 238 
16, 806 
17, 999 








Subtotal 
Estimated: 
Pe cbnchs likes cddebrde cid een Cheehbeeh buted tema neied 


' Separate amounts not available for these years. 


Note.—While the major portion of research is related to the performance of responsibilities within the 
agency, amounts shown above are equally applicable to the development of the peacetime use of atomic 
energy. 


Representative Hotrrretp. Dr. Weber, will you now proceed with 
your report? Can you summarize it? We must be out of this room 
before 1 o’clock. Iam sorry to have to rush. 


STATEMENT OF DR. FRANCIS J. WEBER,’ CHIEF, DIVISION OF 
RADIOLOGICAL HEALTH, PUBLIC HEALTH SERVICE 


Dr. Weser. I have a general summary which would require about 
15 minutes of reading or possibly less, and then a short summary 
which involves a page and which would require much less than that, 
depending on your wishes. 

Representative Hoirietp. You can have more time, sir, if you can 
complete in about 15 minutes or 10 minutes. 

_Dr. Weper. Yes; I am certain it can be done in that time. I would 
like to again express by appreciation for the honor conferred upon me 
for being given the opportunity to appear once more at this special 
hearing. Although I have been unable to attend every one of the ses- 


See biographical sketch, p. 155. 
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sions here this week, I have been present at a number of them, espe- 
cially those which have a special relationship to our Public Health 
Service program. 

This experience, supplemented by the abundant material delivered 
to the committee, is available to us and provides an unusual oppor- 
tunity to bring ourselves up to date on all important aspects of the 
problem. Needless to say, the material is so voluminous and detailed 
that it will be necessary to study it closely in the coming days to 
develop the proper appreciation of its implications. 

For the present, however, I think certain things can be fairly said 
with regard to the program content of these hearings, especially as 
such relates to what especially concerns us, namely, program planning 
in connection with control of radiation hazards. It is quite evident 
with respect to surveillance and monitoring programs that informa- 
tion that is both new and necessary for program planning has been 
gathered since the 1957 hearings. 

As a result of expansion of this aspect of the activities, we have a 
more realistic idea of the present rates of fallout and how long this 
fallout is likely to persist. Due to the combined knowledge which 
our several agencies have shared, we also have a more exact notion of 
the problem areas. Techniques have been developed and refined dur- 
ing the past 2 years which make for improved practices in this respect. 
The chief problem is that of being able to expand this activity so that 
coverage in sufficient detail becomes possible. This is absolutely essen- 
tial if health agencies are to follow the recommendations of your panel 
on the status and implications of testing as they apply to the use of 
recommendations of the National Committee on Radiation Protec- 
tion and the International Commission on Radiological Protection. 

As suggested to this committee, the application requires sufficient 
data to establish averages relative to specific isotopes and specific 
foods. Further, it is necessary to adjust the MPC’s listed in the 
tables by radiation from other sources. Applications of the MPC 
principles also assume the existence of standard sampling and meas- 
urement methods which now in fact do not exist. 

I might add, Mr. Chairman, Mr. Terrill of our staff who is techni- 
cally competent to discuss that could expand on that if you wish. 
Dr. Straub of our staff in his presentation of certain Public Health 
Service data has shown the type of effort now being attempted in 
certain geographical areas by way of total environmental assessment 
of radioactivity derived from strontium 90. 

This type of analysis should be extended to include not only other 
radio nuclides, but other sources of radiation. Almost all of the work 
in this aspect of surveillance and monitoring has been conducted by 
agencies of the Federal Government. We have on the first day, Mr. 
Chairman, as you know, submitted a report of our particular activi- 
ties and I don’t think there is any need to repeat that here. 

Certain other groups have become concerned with the matter of 
measurement. At the preliminary meeting of the steering committee 
called to help with the agenda, I was requested, Mr. Chairman, to 
submit information on these groups. As a result, the following is 
submitted : 

(a) A citizens group in St. Louis, Mo., has taken a particular 
interest in certain radiological health aspects and has formed the 
Greater St. Louis Citizens Committee for Nuclear Information, Our 
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staff has prepared a brief outline concerning the activities of that 
group. I am offering an outline description as well as a sample copy 
of their informational] bulletin published in March 1959. This is ap- 
pended tothe report. (See vol. 3, app. B.) 

(5) The Consumers Union conducted milk analyses in 48 cities of 
the United States during July and August of 1958. Their findings 
were consistent with ours and those of the Atomic Energy Com- 
mission. 

(c) As you know, the Food and Drug Administration, a sister 
agency of the Public Health Service within the Department of Health, 
Education, and Welfare, conducts a monitoring program for foods 
and drugs. Description of their program has already been furnished 
to the committee for the record. 

(d) Certain other groups have requested research grants and as- 
sistance related to the monitoring and surveillance program and are 
seeking by various approaches to make their contribution. 

Representative Hotrr1etp. Will you summarize from now on? We 
are running short of time, and some of the members have to be else- 
where in a few minutes. We will accept your full statement for the 
record. 

Dr. Weser. Thank you very much. 

(The statement referred to follows :) 


STATEMENT OF FRANCIS J. WEBER, M.D., Corer, Division oF RADIOLOGICAL HEALTH, 
Pustic Heattrn Service, U.S. DeparRTMENT OF HEALTH, EDUCATION, AND 
WELFARE 


I would like again to express my appreciation and the honor conferred upon 
me, Mr. Chairman and members of the committee, for being given the oppor- 
tunity to appear once more at this special hearing. Although I have been unable 
to attend every one of the sessions here this week, I have been present at a 
number of them, especially those which have a special relationship to our Public 
Health Service program. This experience, supplemented by the abundant ma- 
terial deliverad to the committee and hence available to us, provides an un- 
usual opportunity to bring ourselves up to date on all important aspects of the 
problem. Needless to say, the material is so voluminous and detailed, that it 
will be necessary to study it closely in the coming days to develop a proper 
appreciation of its implications. At the moment, however, I believe certain 
things can be fairly said with regard to the program content of these hearings, 
especially as such relates to what especially concerns us, namely program 
planning in connection with the control of radiation hazards. 


I. SURVEILLANCE AND MONITORING PROGRAMS 


It is quite evident that information that is both new and necessary for pro- 
gram planning has been gathered since the 1957 hearings. As a result of ex- 
pansion of this aspect of the activities, we have a more realistic idea of the 
present rates of fallout and how long this fallout is likely to persist. Due to 
the combined knowledge which our several agencies have shared, we also have a 
more exact notion of problem areas. Techniques have been developed and 
refined during the past 2 years which make for improved practice in this re- 
spect. The chief problem is that of being able to expand this activity so that 
coverage in sufficient detail becomes possible. This is absolutely essential if 
health agencies are to follow the recommendations of your panel on status and 
implications of testing, as they apply to the use of recommendations of the 
National Committee on Radiation Protection and the International Commission 
on Radiological Protection. As suggested to this committee, the application 
requires sufficient data to establish averages relative to specific isotopes and 
specific foods. Further, it is necessary to adjust the MPC’s listed in the tables 
by radiation from other sources. Applications of the MPC principles also as- 
Sume the existence of standard sampling and measurement methods which now 
in fact do not exist. 


42165 O—59—vol. 2——64 
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Dr. Straub, in his presentation of certain Public Health Service data, has 
shown the type of effort now being attempted in certain geographical areas 
by way of total environmental assessment of radioactivity derived from 
strontium 90. This type of analysis should be extended to include not only 
other radionuclides, but other sources of radiation. Almost all of the work in 
this aspect of surveillance and monitoring has been conducted by agencies of 
the Federal Government. Certain other groups have become concerned in the 
matter of measurement. At a preliminary meeting of the steering committee 
called to help with the agenda, I was requested, Mr. Chairman, to submit infor- 
mation on these groups. Asa result, the following is submitted: 

(a) The Consumers Union conducted milk analyses in 48 cities of the United 
States during July and August of 1958. Their findings were consistent with 
ours and those of the Atomic Energy Commission. 

(b) A citizens group in St. Louis, Mo., has taken a particular interest in 
certain radiological health aspects, and has formed the Greater St. Louis Citi- 
zens Committee for Nuclear Information. Our staff has prepared a brief out- 
line concerning the activities of that group. I am offering an outline descrip- 
tion as well as a sample copy of their informational bulletin published in March 
1959. 

(ec) As you know, the Food and Drug Administration, a sister agency of the 
Public Health Service within the Department of Health, Education, and Wel- 
fare, conducts a monitoring program on food and drugs. A description of their 
program has been furnished to the committee for the record. 

(d) Certain other groups have requested research grants and assistance 
related to the monitoring and surveillance program, and are seeking by various 
approaches to make their contribution. 

(e) Many States are already conducting surveillance and monitoring pro- 
grams, on their own or in cooperation with the Public Health Service. 




































II, NEEDS FOR FURTHER RESEARCH 





Your panels and individual witnesses have indicated that considerably more 
in the way of fundamental advances of the physical aspects and understanding 
of the fallout problem have been made than has been the case in the realm of 
health effects. This is auite understandable in view of the enormous complexity 
of the latter aspect. Health effects are complicated by both physical factors 
as well as factors peculiar only to biological systems. Another aspect to which 
the panels have alluded is that even though strontium 90 may be of major sig- 
nificance, the potential hazard of some of the shorter lived isotopes must be 
evaluated as they may contribute significantly to the overall health problem. 
Also, consideration must be given to the individual variations in response to 
the levels of radioactivity which may occur. This is especially true in terms 
of the low levels of radiation exposure, which are involved here. This is re- 
flected in the difficulties in the establishment of standards governing exposure. 
We are not dealing with the simpler end points that prevail in other toxico- 
logical conditions. The matter is further complicated by the difficulty of estab- 
lishing whether there exists a threshold in the very low range. In the case 
of genetic effects, a linear relationship is assumed and, hence, permissible levels 
are purposely kept very low. 


III. ORGANIZATION OF PROGRAMS TO DEAL WITH THE POTENTIAL HAZARDS OF FALLOUT 


I believe that the testimony indicates the areas where work needs to be 
extended and expanded, as well as leaving room for planning for the greater 
participation by public health agencies which you and the General Advisory 
Cammittes of the Atomic Energy Commission have mentioned. Such a program 
should include: 















(a) Expansion of surveillance and monitoring 


Although a very good start has been made in establishing a framework for 
a well thought-out program, more needs to be done in the way of specific 
environmental assessment, in order to provide a sound basis for control meas- 
ures. As I mentioned earlier, our 1960 budget, if present plans go through, will 
allow at least a modest expansion of these efforts. I believe a close examina- 
tion of Dr. Straub’s presentation will indicate quite clearly, through an in- 
spection of what is being done, of how that program could be expanded in 
profitable directions. In doing so, we could arrive more quickly at a position 
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of knowledge of the factors involved in radiological health comparable to other 
health problems of longer standing. We have much better laboratory coverage, 
for example, in all of the States and in various counties capable of doing a wide 
range of laboratory work, sufficient to help to assess the extent of our health 
problems. Although, in my own view, this is still far from complete, we are 
still able to provide a wide range of testing of the various phases of the environ- 
ment such as bacterial and other contaminating factors in water, milk, and 
other media, on through the more complicated tests like infectious disease 
serology and culture for disease-producing agents like tuberculosis and others 
as well known. Although the effort in radiological health has only recently 
begun, we find there is a good nucleus in the various States we have visited, 
a nucleus which could be expanded. It is important that this be done because 
the first clue to conditions in the environment apropos radioactivity, as these 
hearings have emphasized, will be given through the specimen collection and 
subsequent laboratory analyses. 


(b) Research needs 


Here again, an extensive effort is going on in our respective agencies (PHS, 
AEC, DOD, and others), but much more needs to be done. With the techniques 
already well developed through the liberal support described here, and which 
have resulted in the development of dependable techniques of measurements, 
it should be possible now to conduct, on a more extensive scale, analyses of 
what amounts of radioactivity enter the human system. Studies of certain 
closed populations, for example, suggest themselves. In such studies, we should 
be able to measure intake quite exactly as well as measure excretion rates to 
determine the degree of retention of particular radionuclides. This could be 
done in different geographic areas where we have now come to a good under- 
standing of extent levels of radioactivity through the work you have heard de- 
scribed here. 

Along with this would go additional work that would contribute to the pro- 
vision of valid criteria for standards. It is perfectly true that much of the 
available information at the present time can be related, in one way or another, 
to standards development. At the same time, we believe efforts should be in- 
tensified to (1) correlate all existent and future data relevant to the matter, 
and (2) initiate research in those special areas having special significance to 
standards development. 

In so doing, epidemiological techniques will be among those that must be 
emphasized. These techniques are being applied now to certain aspects of the 
problem, of which the Colorado Plateau studies, the analysis of certain back- 
ground situations such as radioactive drinking water exposures in certain areas 
of the Midwest and the Northeast, and the followup of the radium watch- 
dial painters are examples. The studies I have mentioned are, by and large, 
concerned with low-level radiation exposure, although in some cases people are 
receiving exposure dosages near, or Occasionally above, those considered per- 
missible. I might add that this is difficult and that funds are not the only 
answer. Fortunately, however, it is a field where local and State health agen- 
cies, through the experience of their activities which you have mentioned, 
could give valuable assistance in helping to elucidate the problem. Activities 
how under way in certain States furnish concrete examples of such possibilities. 


(c) Radiological health control activities 


This should be a comprehensive program, seeking to understand and control 
all sources of radiation, of which that derived from fallout is a part. We feel 
that radiological health control activities can be carried on within the struc- 
ture of existing public health programs now pursued on a nationwide basis. 
Competence already exists in such programs like water supply and water pol- 
lution control, milk and food sanitation, occupational health, maternal and 
child health, and other programs. Control measures are carried on by these 
programs which can be adapted and expanded to encompass certain phases of 
the techniques of reduction of exposure of the population to radiation. In all 
cases, there is a beginning made by way of analysis of the problem, the factors 
that affect its spread, its cyclical variations, and the methods of prevention, regu- 
lation and control. Their success resides on a basis dependent upon as exact 
knowledge as possible of community population status with respect to these. 

Furthermore, the program of radiological health should be developed at the 
State and local level, with the Federal agencies giving assistance in the areas 
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where the National Government normally makes its best contribution. The 
latter would be particularly in the areas of research demonstrations and the 
training and assignment of much needed personnel while the State and local 
governments increase their capabilities. This will, of course, be discussed 
more extensively at your forthcoming Federal-States relations hearings. 


COMMITTEE FOR NUCLEAR INFORMATION, St. Louis, Mo. 











The Committee for Nuclear Information was organized in April 1958 by a 
communitywide group of interested citizens for the purpose of collecting and 
distributing to the public factual information about the effects of nuclear war, 
nuclear testing and nonmilitary uses of nuclear energy. The group has 500 
members at present and is supported as a nonprofit organization by voluntary 
contributions from its members and others. The committee’s activities in- 
clude publication of a monthly information bulletin which reports new develop- 
ments on nuclear energy in nontechnical language, and a speakers’ bureau which 
sent 20 scientists as speakers to about 50 speaking engagements during the past 
few months. Also sponsored by the committee are public lectures on radiation 
problems and scientific seminars on these subjects. Dr. Alexander S. Langs- 
dorf, dean emeritus of Washington University School of Engineering, is presi- 
dent of the organization. 

A prograra for the collection and radiochemical analysis of deciduous teeth 
has been organized by a CNI subcommittee under the leadership of Dr. Louise 
Reiss, M.D., an internist who has been named director of the project. Other 
members of the subcommittee are Dr. Barry Commoner, professor of plant physi 
ology at Washington University: Mrs. Leslie E. Heinz: Mrs. Joseph P. Logan; 
Dr. Erie Reiss, M.D., assistant professor of preventive medicine and medicine 
at Washington University School of Medicine; and Dr. Alfred S. Schwartz, M.D., 
assistant professor of clinical pediatrics at Washington University School of 
Medicine. 

Officers and executive board of the committee include : 

Professor Alexander S. Langsdorf, President 
Dr. Alfred S. Schwartz, vice president-treasurer 
Professor Barry Commoner 
Professor Edward U. Condon 
Dr. Samuel B. Guze 
Professor John M. Fowler 
Professor Irwin H. Herskowitz 
Dr. Park J. White 




































{From Consumer Reports—aA reprint prepared by Consumers Union In the public interest 
March 1959] 


A study—the most thorough of its type yet undertaken—of the effects of fallout 
on 


THE MILK WE DRINK 


Based on laboratory tests of samples collected from 50 cities throughout the 
United States and Canada 


THe MitxK ALL or Us DriInK—AND FALLOUT 


(For Comments on this Report, see vol. 3, app. B) 


New public health problems are raised by the effects of radio- 
active fallout on vital foods. Herewith a 10-page report, evaluating 
the present and potential hazard and including test data for the 
milk supply in 50 cities. 





Ever since radioactive coral fell as white ash across the decks of the Japanese 
fishing boat Fortunate Dragon in the spring of 1954, fallout from nuclear bombs 
has been making both news and history. Its involvement with man and his food 
supply has entangled it in issues ranging from the biological to the diplomatic. 


1From Dec. 30, 1958, news release of committee. 
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Nor have the public press, official statements, or comment from independent 
scientific sources unraveled the tangles. What fallout means to us, and what to 
do about it, still are the most controversial issues of all. 

The radioactive materials which fall out of the upper atmosphere after nuclear 
blasts pass through a number of physical, chemical, and biological processes, 
some of which take years to occur. Each of these steps is a link in a long 
chain of events which connect the blasts to damage in people, the living and the 
yet unborn, even thousands of miles away and years later. The scientific facts 
about some of these links have been well established. Our knowledge of other 
important links is vague and incomplete. It remains necessary for us to arrive 
at some assessment of the hazard, even though not all the necessary evidence is 
in. 

Every day each person in the world is exposed to and consumes some measur- 
able debris from fallout in his food, in his drink, in the air he breathes. What 
this may mean to him in general—but with particular reference to radioactive 
strontium 90 in the U.S. milk supply—is the substance of this report. 

It seems wholly right for a consumer testing organization to undertake to 
evaluate a new constituent of our food, even one not proclaimed on any label. 
The main sources of information on the problems of fallout have been the 
Atomic Energy Commission and, to a much lesser extent, other Government agen- 
cies such as the U.S. Public Health Service and the Food and Drug Admin- 
istration. Other governments and the United Nations also have published exten- 
sive data on fallout; but, as a congressional committee reported in 1937, “Infor- 
mation on fallout has evidently not reached the public in adequate or under- 
standable ways.” 

For at least a decade, the AEC has been studying fallout problems of all 
kinds—physical, chemical, and biological. Measurements have been made of 
radioactive fallout materials in air, soil, water, people, and foods—including 
milk, which is the principal source of strontium 90 in the diet of Americans. 
The responsibility of the Public Health Service for safeguarding the health of the 
country has led it, too, since 1956, to study fallout materials in air and 
food, particularly in milk. But these studies have been mainly exploratory, to 
study methods and to obtain typical values; they have not explored as yet the 
full gamut of possible sources of radioactive materials in man’s diet and in his 
environment. With respect to milk, the samples examined have not necessarily 
represented the milk being drunk by the majority of consumers even in the few 
areas studied. 

By testing samples of milk purchased over store counters in 50 widely dis- 
tributed places in the United States and in Canada, Consumers Union has sought 
to extend the work done by the Government agencies. The results, which are 
presented on pages 108 to 110, serve to check the relatively scant data on milk 
published by the AEC and the PHS, and to extend their coverage to include 
many more areas. That a private organization of limited means can carry out 
such a program suggests that an expanded monitoring network should be eco- 
nomically feasible under Federal, State, or even community or dairy auspices. 

Consumers Union goes further. Though the interest of the PHS in the mat- 
ter has led it to equip and staff some very competent laboratories, it is still true 
that the overall problem has remained the province of the AEC. But it is hard 
to see why judgments on matters of public health should have to depend pri- 
marily on the reports of the very agency charged with the responsibility of 
manufacturing nuclear weapons, rather than on those of an agency whose specific 
job is to safeguard the public health. Without reflecting in any way on the 
AEC’s competence or integrity, Consumers Union would support measures which 
would lead to thorough and independent investigations (as well as routine sur- 
Veillance) by the Public Health Service on fundamental biological and control 
problems, wherever there is concern with fallout. 

The fact is that fresh clean milk, which looks and tastes just as it always did, 
nevertheless contains (wherever you get it these days) an unseen contaminant, 
a toxic substance known to accumulate in human bone. There is an analogy: 
bacterial contamination. There, too, the presence of unsensed contaminants can 
bring grave harm. Most of us, even if we are not bacteriologists, know by now 
the danger from germs, and yet know how to estimate it rationally, and not to 
fear it unreasoningly. It is exactly with this kind of reasoned concern that we 
seek to approach the more novel problem of fallout contamination. 

(In the text following and on the next few pages, before we proceed to the 
results of our analyses of milk samples, we propose to tell something of the 
story of low levels of radiation as they existed in the pre-atomic-bomb era, and 
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of how they have been changing since. For it is only against this background 
that the findings have meaning.) 


THE LIVING AMPLIFIER 


Why fallout creates a problem 


In the time it takes you to read across this line, many thousands of the 
individual atoms which make up the matter of your own body spontaneously 
disintegrate. These disintegrations occur in all human beings, in all living 
things. Radioactive materials always have been with us in extremely minute 
quantities. They exist in the foods we eat and consequently in the tissues of 
our bodies. Some radiant energy produced by the disintegrations, rather like 
the X-rays to which we may be subjected by a dentist or physician, passes right 
out of the body. If you climb into a “counting cylinder” (see photo), the special 
liquid inside the tank’s wall will react to this radiation and translate it into 
tiny pulses of light. 

Our senses cannot detect such radiation at all—which does not mean that it is 
without consequence for living matter. Just as the rays by their bombardment 
produce light pulses within the special liquid of the tank, so they produce 
changes in the living cells through which they pass. The energy thus imparted 
within these cells is small in total amount, but it is intensely concentrated; an 
average of a few hundred atoms will be altered chemically in every living cell 
through which the rays pass. And thus begins a biological chain of events. 

For living matter acts as a kind of amplifying system, somewhat analogous to 
the electronic circuits of the laboratory counter. The living amplifier takes 
time; it is slow to respond. Sometimes the cell which was damaged by traversing 
rays will recover. But the damage to one or a few cells may become in time a 
self-regenerating and uncontrollable tumor. If the cells affected are cells of 
the special reproductive tissues, the damage may be done to the subtle molecules 
of genetic material which contains the blueprint for the next generation; such 
damage is what we call genetic. When the damage is to a cell of the body not 
engaged in reproducing the next generation, the effect is said to be somatic. 
In its most serious form the somatic damage may be malignant (cancer or 
leukemia) ; in milder form it may appear as an apparent acceleration of the aging 
process. For very low levels of radiation, it may be that no somatic effect is 
observable. 

The “counting cylinder” in the photograph across the page includes in its 
count the rays from a perfectly normal constituent of all living cells: potassium. 
This chemical element is essential to life, as every gardener knows: one of its 
isotopes (isotopes are chemically identical but physically different atoms) is 
radioactive. In a normal 160-pound man, about 5,000 atoms of this isotope 
(potassium 40) decay each second throughout life. Radiation passes through 
us not only from internal sources like the potassium in our muscle tissue, but 
from external sources as well. The very rocks around us contain uranium 
and thorium in small amounts, along with their radioactive relatives, particu- 
larly radium. And there are the cosmic rays, which come in from interstellar 
space to strike us. 

In short, we know that life always has grown in the midst of penetrating 
radiation. The question must be put: How much has that radiation been? We 
have to work out some answer to that question before we can proceed to the 
next one: How much more, if any, can we tolerate? 


THE “PERMISSIBLE” RADIATION BURDEN 


The adjective doesn’t mean what many people think, and no one 
knows precisely what it does mean; but here’s how it’s worked out: 


There are many ways of measuring radiation. The measure which we shall 
use is a measure of the energy absorbed from radiation in a given amount of 
tissue: the unit is called the rad (100 ergs absorbed per gram of tissue)... This 
is not much energy; in terms of heat, 500 rads would serve to raise the tempera- 
ture of the tissue only Yoo of a degree Fahrenheit—imperceptible. But that 
same 500 rads delivered to a human being by penetrating radiation, in a kind of 
three-dimensional sunburn. is deadly: a man who receives that much over the 
whole body within a short time has just ahout an even chance of surviving a 
month. The normal external dose is, of course, very much less. 


1A rad is roughly equivalent te a roentgen, which is an older, common unit for doses of 
X- and gamma rays. 
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It it interesting to tabulate some external doses of radiation received by people 
in a lifetime (about 70 years) under ordinary conditions. The dose varies from 
place to place. The high mountains have a thin layer of air above them, and 
the cosmic rays from space, accordingly, are in abundance there. Some places 
have subsoil rather free from radioactive elements, and the earth’s contribution 
is small there. Here is a small table of typical results (taken from an AEC 
source) : 

Ezternal radiation doses 
Place: Rads per 70 years 
Toledo, Ohio 
Pittsurgh, Pa 
Little Rock, 
Colorado Springs, Colo 
Averdse ovat U.GiAs .2G boreees os sd Leis about 7 (out-of-doors). 


Other common sources of external radiation are: from TV tubes and luminous 
watch dials, less than 44 rad per 70 years: from diagnostic X-rays (in the United 
States at least—see Consumer Reports, September 1958), an amount generally not 
exceeding 10 rads per 70 years. 

In Kerala, at the southern tip of India, about 100,000 people live in fishing vil- 
lages strung out along a hundred miles of a geological curiosity, an ocean beach 
whose black sands are radioactive: the people who live there have always lived 
in a radiation field about 10 times the U.S. average. If adequate medical diag- 
nosis and vital statistics existed for these people, their very long exposure 
might furnish extensive information on the long-term effects of greater-than- 
average radiation on human beings. Unfortunately, we have no such statistics 
for them or for any other highly exposed population, and no way of quickly 
acquiring such data. Nevertheless, as radiation gradually increases from man’s 
activities in the atomie age, we obviously must attempt to make such estimates 
as we Can to find out where the risk gets serious, where intolerable. 


THE TOLERANCE DOSE 


The view that there exists some degree of exposure below which there is no 
appreciable harm often is expressed in terms of a threshold dose. Cross the 
threshold, and danger hegins: stay below, and the processes of recovery and 
repair reduce to negligible proportions the chance of visible amplification of cell 
damage. It is claimed that something like a threshold, in fact, has been observed 
in animal and even human exposures, although not at the low, long-continued 
doses in which we are now interested. 

It is fairly well agreed, however, that genetic damage, which in humans leads 
to embryonic deaths, stillbirths. and congenital defects, has no threshold. Every 
increase in the dose which affects the genes of some person is going to appear 
statistically in his progeny. Most of this damage is believed to be delayed in 
expressing itself: some remote generation may be the first to suffer from it. 
Such genetic damage raises quite new problems of medicine, to say nothing of 
morals. And the fact that the extent of such damage to humans is not known 
with precision tends to cloud discussions of the problem. 

In the words of the authoritative International Commission on Radiological 
Protection (ICRP): “Since no radiation level higher than the natural back- 
ground can be regarded as absolutely ‘safe,’ the problem is to choose a practical 
level that, in the light of present knowledge, involves a negligible risk.” The 
practice has been to accumulate information bearing on this problem by survey- 
ing considerable numbers of individuals who work with radium or X-rays, or 
in the atomic energy industry. On the basis of such information, permissible 
levels (or tolerance doses) for exposure to external radiation have been 
established. 

But the history of this concept is not reassuring, because today’s permissible 
level is not vesterday’s; the level for such workers has been modified steadily, 
as shown below : 


The last figure corresponds (for a 50-year working life) to some 40 times the 
natural U.S. background radiation of about 7 rads in the course of a lifetime. 
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Radiation workers, however, are never under 10 years old, nor often over 760. 
By their relatively small numbers, they do not represent a fair sample of the 
diversity of maukind. Just as there ure some people who have veen found 
unusually sensitive to sunlight, so there must be some who are more sensitive 
than others to radioactivity. For such reasons it has been considered desirable 
to set the tolerance dose for the entire population lower than that for medically 
controlled radiation workers. Typically, the maximum “permissible” dose for 
occupationally exposed people is reduced by a somewhat arbitrary factor of 10 to 
obtain the maximum “permissible” exposure for people at large. 

By such a standard, the general population ought not to receive more than 
about 30 rads per lifetime, or roughly four times the U.S. background radiation. 
This does not mean that such a dose is guaranteed to be safe, or that it will 
produce no damage. On the contrary, it implies accepting as socially tolerable 
some genetic damage, which can be estimated only very roughly because of 
our poor knowledge of human genetics. 

Estimates, nonetheless, have been made. The U.N. Scientific Committee 
on the Effects of Atomic Radiation, for example, has attributed to one rad, 
from any source and applied only once to a single generation of the world’s 
entire population, the capability of causing ultimately 100 to 4,000 defective 
births for each million of the population. The percentages are small (be- 
tween 0.01 percent and 0.4 percent) and the range is large (a tacit admission 
to the inexactitude of our knowledge). But when applied to the world’s popu- 
lation of about 2% billion people, half of whom are assumed to be below the 
mean reproductive age, the total number of defective births will range from 
125,000 to 5 million,’ spread out over scores or even hundreds of generations. 
These defectives may not be discernible from among the much larger number 
of cases which are a result of other unknown factors. 

Assessments can also be made for the somatic damage induced by radiation. 
While there is common acceptance of the inevitability of genetic damage, 
however, there is no such agreement regarding somatic damage. Many scien- 
tists believe that a radiation threshold exists for somatic effects, that we have 
not yet exceeded this value, and therefore that no somatic damage (cancer, 
leukemia, shortening of the life span) can be attributed to the low levels of 
radiation to which we have been exposed so far. Other scientists hold to the 
view that biophysical distinctions cannot be made between somatic and genetic 
effects and that radiation which causes damage to reproductive cells can also 
damage any other living cells. No one knows at this time which view is correct. 


INTERNAL RADIATION 


In addition to the radiation received by the body from without, at least 
three substances contribute their radiation from within the body, and have 
done so since there first were men: potassium 40, carbon 14, and radium and 
its radioactive decay products. 

Carbon and potassium are necessary components of life; they are fairly uni- 
formly distributed within the body and from person to person, so it seems not 
unrealistic to be guided by the tolerance dose information developed in our 
studies of external radiation. It is plain that potassium 40 (which contributes 
about 1.5 rad per 70 years) and carbon 14 (about 0.1 rad per 70 years) have 
not added much to the natural background radiation. 

But radium is another story. It plays no known role in the life process; it 
is present because it is widely distributed in the soil and rocks. It is ingested, 
or sometimes taken into the lungs, and though it is present in very small 
amounts, its activity can be more important than that of potassium 40 or carbon 
14. 

Radium is not uniformly spread through the body. Because its chemical 
behavior closely resembles that of the element calcium, constituent of all bone, 
radium concentrates in the bones. Furthermore, in large doses it does not dis- 
tribute itself uniformly even within the bones. The bone grows most, of course, 
in youth. But even the mature bone undergoes remodeling ; its constituents are 
steadily being taken up and laid down again. This means that where radium 
lodges depends on just what part of the bone is active when the radium enters, 
and on the whole complex matter of bone formation, growth, and maintenance. 
The energy emitted in the decay of radium is chiefly carried by particles 


: 1A conservative estimate, based on the assumption that the world population will not 
ncrease. 
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which cannot penetrate the whole body to reach the outside. They spend all 
their energy in a distance of a thousandth of an inch; they deposit a thousand 
times as much energy in crossing a cell as do the rays from potassium 40. The 
variability of the site of radium also implies its possible concentration in local 
“hot spots” beyond the average value (see photo above). 

A hundred or so persons have been examined who have held excessive amounts 
of radium in their bones for decades. Some of these were young women who 
painted the small numerals on luminous dials, and tipped the brushes between 
their lips for the fine work. Some were suffering from rheumatism or other 
diseases, and were given radium as a therapy by some sincere physicians and by 
mere quacks, in the 1920's before the grave danger was recognized. In all of 
these groups, there have been seen malignancies of bone and of blood—evident 
consequences of the radium irritation. 

What is striking is that the incidence of these conditions rare in the total 
population, was large enough in the small number of radium-poisoned patients 
to be recognized without chance of error. There is a good chance of developing 
a bone tumor, or leukemia, if you fix in the bones a mere speck of radium; less 
than one microgram, an amount one thirty millionth of an ounce, weighing less 
than the dot over an inked i. It seems very probable that, if there is a safe 
threshold at all here, it is below a tenth of a microgram, an amount which is a 
few hundred or a thousand times greater than that found in the normal skeleton. 
The present ICRP recommendations allow a tenth of a microgram of the stuff 
for workers in radiation industries, and such an allowance does not preclude 
the possibility of undetected subclinical changes. If we recall that there may 
be no threshold for somatic effects, but a straight-line relationship, and that 
individual responses are variable, it is reasonable to include at least a factor of 
10 for safety in setting the “permissible” internal bone burden for the population 
at large. The U.N. places the normal average radium dose to the bone at a 
value of about 3 rads over 70 years. Somewhere in the range from ten to a 
hundred times the background value the “permissible” value lies. 

Now there enters a new factor: the element strontium. 


AVERAGE STRONTIUM-90 IN BONES 
Units 


27. 


“SCIENCE” 


CALCULATED FROM DATA IN 


1954-55 1955-56 1956-57 
Notable amounts of strontium are absorbed only by 
growing bones. Averages above were calculated on 
the basis of data compiled from four U.S. cities 
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Strontium 90: A SpecriAL HazarRpD 


The element strontium is relatively uncommon; its most common use is for 
the rich red of its flame in fireworks and flares. Like radium, it also resembles 
calcium and it also becomes stored in bone. 

The normal skeleton of man has about 2 pounds of calcium, and with it from 
soil and rock there has always been deposited about a tenth of a teaspoonful of 
strontium. Normal (pre-atomic-bomb age) strontium presents no hazard, so far 
as anyone knows; it is not radioactive. 

But every explosion of a nuclear bomb spreads into the high air with its fire- 
ball a new radioactive isotope of strontium, strontium 90. It comes from fission, 
and the old-style fission bomb and the new-style fission-fusion-fission bomb both 
contribute strontium 90. (The yet undeveloped “clean” bomb will contribute 
proportionately less as it makes less use of fission energy; no one has yet dis- 
covered how to eliminate the stuff entirely.) 

So far some 200 pounds of strontium 90 have been carried aloft by the churn- 
ing hot gases of the mushroom explosions. It has spread worldwide. It falls 
out of the upper atmosphere, in a manner not yet fully understood. It comes 
down slowly with rain and snow, on river and reservoir, plant leaf, and soil. 
Some of it is taken up chemically through the roots of plants to become part of 
grass or seed, and eventually part of the glass of milk or the rice in the bowl. 
In the United States, about 80 percent of the minute quantity which enters our 
bodies comes to us in our milk. In Japan more than two-thirds comes from rice. 
Unpolished or whole wheat, unfiltered rainwater, and similar items of diet, such 
as vegetables, may also contribute a significant amount of strontium 90. If 
there never are any more explosions, the fallout from tests already made will 
reach a maximum about 1970, rising to 24%4 or 3 times its present value, and 
then will decline slowly for a generation or two. 

There is not much of it. The load of strontium 90 in your front yard is likely 
to be about one-tenth of a microgram. It is spread down into the topsoil by rain 
and plant growth and hoe and worm; how much is taken up by plants depends 
on a wide variety of conditions—upon the depths of their roots, the chemistry 
of the soil, the distribution of rainfall, and so forth. But it is out there, and it 
enters the food chain and, from there, the bone. 

Among all these scores of constituents of fallout, strontium 90 is especially 
hazardous because it is released in considerable quantity (it forms a few percent 
of all radioactive products of fission), it seeks the bone, and it stays there a long 
time. Some of the other radioactive products decay so quickly that they cannot 
pass through the long chain of events to reach the target; some which have a 
long life do not accumulate in the body; but strontium 90 lasts on the average 
about 40 years and it accumulates in bones. 

What will strontium 90 do in bone? Both general theory and direct animal 
experiments (with rather heavy doses) suggest that the longer ranging rays 
of strontium 90 (and its radioactive decay product yttrium 90) are in fact 
only one-fifth or one-tenth as damaging as radium rays, energy for energy. On 
the other hand, the concentration of strontium 90 may show “hot spots,” in 
the same way as does radium. And localized damage will tend to reflect not 
the average but the maximum insult done to living cells. Prudence dictates 
that we increase our estimate of damage by a factor of 5 or 10 to take into 
account the possible effect of the concentrating tendency; that is the practice 
of both the ICRP and the UN. 

It appears that 1 S.U.* contributes about one-fifth of a rad in a 70-year resi- 
dence in bone. Various experiments suggest that children whose bones are 
being formed from current milk supplies are retaining strontium 90 at a level 
between one-half and one-fourth of the S.U.’s in their milk. On the basis of 
these facts we can set a rough maximum “permissible” burden of strontium 90. 
If we follow the argument already made for radium, which seems the one 
closest to the real situation, we could allow a burden of nearly 150 S.U. before 
reaching the 30 rads which we set as a rough “permissible” burden for the bones 
of an average individual. The use of somewhat arbitrarily-selected factors at 
several stages in such calculations may be viewed as suggesting that a maximum 
“permissible” dose might lie somewhere in the large range from as little as a 
fifth of the 150 S.U. to as much as 10 times that. 


3 Abbreviation for Strontium Unit. Expresses the number of micromicrocuries of stron- 
tium 90 per gram of calcium. 
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It does not seem safe, however, to apply to the poorly known and highly 
variable bone burden, affecting the whole world’s people, any smaller safety 
factor than that used for external radiation. In this case one would again 
set the limit at something near 30 rads, several times the natural internal burden. 
This gives us our 150 S.U. again, which agrees well enough with the ICRP 
limit of 1955, put at 100 S.U. 

But it must be emphasized that any “permissible” level obviously is predicated 
on the assumption that there is a threshold dose for strontium 90 below which 
any effects are insignificant. The absence of a threshold would mean that bone 
damaze would be proportional to the dosage in any amount, and the concept 
of a tolerance dose would then imply accepting as socially tolerable an unknown 
number of radiation-diseased individuals. 

The summary table on this page presents average ranges for radiation 
dosages, based on authoritative estimates. It should be emphasized that these 
figures are approximate. Even if the population has an average dose rate 
within the “permissible” limit, there are many individuals, of course, who are 
receiving much more. 


Radiation dosages summary table 
Rads/lifetime (USA) 


External: (approzimate) 
Maximum “permissible” dosage. for the population at large______ 30. 
Natannt, cosmic ‘Taga Goll, TOR. ou. 6 oes. Lee 4 to 10. 
Man-made, at present: diagnostic X-rays__.___--_---_---------_ 5 to 10. 

NE ie os ida 55h 2b es ee eee Up to %&%. 
Other sources, including TV tubes_____._-------._-----_-_- Up to %. 
Ata ae... 8. ee Se 10 to 20. 
Balance to reach “permissible” level____....-----_----.--------. 20 to 10. 

Internal: 

Natural: carbon-14, potassium-40, radium____--..__.-___-__-_--_-- 2 to 6. 


Man-made strontium-90 (bone dose) : 
Maximum “permissible” dosage calculated from the ICRP 


pecommendation of 100 8.024... .--....----.-..__dae Up to 20. 
Assuming cessation of bomb tests— 
For young children, 5 to 10 years hence________-__---_-_ ¥% to12 
For adults (bones mostly formed in preatomic bomb 
RN eens Pe Rete a atian oo acer gag cs orate aes oe Up to 1/10. 
Assuming continuation of tests at past rate— 
For young children, 50 to 60 years hence___________--~- 5. 


1 Not taking into account natural decay or deceleration of bone growth with age. 
OTHER FALLOUT PRODUCTS 


The isotope carbon 14 is a normal component of the air and of our food; it 
contributes a little to the normal internal burden. rather uniformly over the 
body. But it also is made in apnreciable quantity by all nuclear weapons, 
fission of fusion, dirty or clean. These already have contributed a good deal of 
the stuff to the air, enough to raise the amount present in living things by about 
one-third of 1 percent. This isotope is very long-lived, averaging about 8,000 
years. In the present generation, the effects of carbon 14 will be small, com- 
pared to the genetic and possible leukemia-inducing effects of the other com- 
ponents of fallout. But since it lasts such a longtime, it can be shown that its 
cumulative genetic effect is some 10 or 20 times greater than that of the other 
fallout components, stretched out as congenital defects of posterity. 

Another isotope, cesium 137, is copious in fallout. It can be detected from 
within the living body because, like potassium, it emits penetrating radiation. 
It bears much the same relation to the essential potassium that strontium bears 
to calcium. But it is a rather short-time resident of the body, staying there 
a matter of months, rather than the decades typical for strontium. The over- 
all effect of cesium is to increase the does received from radiations like that of 
potassium by about 15 percent. 

The possibility of damage by other fission-produced isotopes (such as pluto- 
nium 239) not yet studied extensively should not be forgotten; the whole fallout 
problem raises new tasks for those who control the wholesomeness of modern 
foods, water, and air. 
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ConsuMERS UNION’s Stupy—DaTA AND MEANING 


For reasons advanced on the preceding pages, strontium 90 assumes a degree 
of importance far out of proportion to the seemingly small absolute amounts 
involved. It is, in fact, generally agreed that strontium 90 presently constitutes 
one of the most serious potential hazards attributable to fallout, and that milk is 
the primary route by which it enters the bodies of most Americans. 

The U.S. Public Health Service has been analyzing milk (for strontium 90 
and other radioactive isotopes) once each month since 1957 in five geographic 
areas ; this program was enlarged in 1958 to include 10 areas. Sample collections 
for analyses are nade on a single day of each month from each area and repre- 
sent a single group of farms from the same production area. Because these 
samples do not include milk from other farms which contribute a substantial 
part of the milk supply to consumers in most of the areas covered, the samples 
do not necessarily represent the actual milk supply of a given population center. 

The Atomic Energy Commission has reported on milk in several U.S. cities, 
but it has covered only four of them with any degree of thoroughness. Except 
for New York City, samples examined by the AEC usually have been powdered 
milks, which may not be typical of milks found in the consumer market (a fact 
observed, in at least one instance, by the AEC itself). 

There have been other more limited studies of the strontium 90 content of milk. 
The University of Chicago, for example, has been closely monitoring the Chicago 
area, and Columbia University’s Lamont Geological Observatory has published 
data on powdered milks from selected areas of the country. The New York State 
department of health has monitored the strontium 90 content of powered milk 
from nine locations within the State. 


CONSUMERS UNION’S PROGRAM 


All of these studies have left largely undetermined and unknown the strontium 
%) content of the milk supply for most segments of the population. Consumers 
Union’s study, reported herein, is the first to attack this problem on so large a 
scale from the point of view of the consumer. Broad coverage of consumer milk 
supplies on a more comprehensive national geographic basis than has heretofore 
been made was the prime objective of Consumers Union’s project. It was under- 
taken also to provide an independent, non-government-sponsored check of data 
released through official agencies, and to point out areas having milk with rela- 
tively high strontium 90 content which may merit further study by official 
agencies. 


SAMPLING 


CU's milk samples were gathered from 48 cities scattered across the United 
States and from 2 in Canada close to the U.S. border. Several considerations 
went into the selection of these sites. Foremost of these was the requirement 
for a good extensive sampling network, with emphasis, wherever feasible, on the 
larger centers of population. Various distinctive soil regions of the United 
States—as classified by the Department of Agriculture—were also included, since 
soil conditions may be considered as the integrated end-products of climatic, 
topographical, and geologic effects—all of which are important in affecting the 
strontium 90 content of soil, which in turn affects the strontium 90 content of 
pasture, cow, milk, and man. 

All areas whose soils had been found by AEC studies to be high in strontium 
% also were included, as well as several sites whose milk had been tested previ- 
ously by the PHS and the AEC. 

At each of the cities selected, CU shoppers purchased 8 quarts of fluid 
milk each week, for a period of 4 weeks. Generally, two separate across-the- 
counter purchases were made each week of 1 quart from each of four major 
local dairies. Four-ounce portions from each of the 32 quarts thus purchased 
were composited to provide a total of 1 gallon of milk for testing from each 
sampling site. The pooled composites thus obtained represented a major part 
of the milk supply of each of the cities sampled for the period from mid-July to 
mid-August 1958. A total of approximately 1,600 quarts were purchased for 
these tests. 

Analyses for strontium 90 were made for CU by a consulting laboratory which 
specializes in such work, and whose reliability had been established by check- 
sample data provided by the AEC as well as by CU. 
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In drawing up its program for sampling and testing milk, CU consulted the 
Lamont Geological Observatory, the Atomic Energy Commission, the U.S. Depart- 
ment of Agriculture, and the U.S. Public Health Service, and gratefully acknowl- 
edges the suggestions made by these organizations. 


RESULTS 


The data obtained by CU, together with some related results from other 
laboratories, are shown in the table on this page. CU's data, it should be empha- 
sized, provide breadth rather than depth of coverage. Any trend or variation of 
strontium 90 content with time or other factors cannot, of course, be noted by a 
one-period sampling and analysis. The best data available for observing the 
progressive change in milk’s strontium 90 content probably are the monthly 
tigures of the Public Health Service. 


Concentrations of strontium 90 in milk 


Consum- | Public | 
| ers ~| Union | 

Cities where samples were taken Union Service 
July- 1958 
| 
| 


Atomic Energy Commission 


August | S.U.! 


Sampling period 
8.U 


Alabama, Birmingham 
Alaska, Juneau 
Arizona, Phoenix 
California: 

Los Angeles 

Sacramento 

Si - Francisco 
Colorado, Denver 
District of Columbia, Washington 
Florida, Miami 
Georgia, Atlanta 
Idaho, Boise. 

Illinois, Chicago-_. 
Indiana, Indianapolis 
Iowa, Des Moines 

Kansas, Wichita. _- 
Kentucky, Louisville - -- 
Louisiana, New Orleans 
Maine, Bangor-.-- 
Massachusetts, Boston 
Michigan, Sault Ste. Marie 
Minnesota: 

Duluth_--. 

Minneapolis 
Miss ssippi, Jackson State College _--- 
Missc uri, St. Louis 
Montana, Great Falls 
Nebraska, North Platte 
Nevada, Las Vegas. 

New Mexico, Santa Fe 
New York: 

Buffalo___- i .6 | : : 

Perry-- ; ‘ ébvhiion reel January to March, 1958. 

New York City olen] .f 5 Do. 

North Carolina, Charlotte 
North Dakota: 

Bismarck - - - 

Fargo. ; ite : ‘ ‘ 

Mandan October to December, 1957. 

_— aw January to March, 1958. 
Ohio: 


Cincinnati. - 
Cleveland 
Oklahoma, Tulsa ; 3 pissed ae ee 5 
Oregon, Portland. - - i ay ipa oes (Slo ‘ April to June, 1956. 
Pennsylvania: 
Philadelphia. - 
Pittsburgh. 
South Carolina, Columbia. - 
South Dakota, Rapid City 
Tennessee, Memphis..--- 
Texas: 


5 | May to September, 1956. 


po n= go 














Houston 
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Concentrations of strontium 90 in milk—Continued 


Consum-| Public | Atomic Energy Commission 

| ers | Union 
Cities where samples were taken Union Service 
| 
| 
} 
| 


July- 
August 


8.U. 


Utah, Salt Lake City 7 
Virginia, Norfolk 
Washington: j 
Seattle. _- 
Spokane . ’ 
West Virginia, Charleston _. 
Wisconsin, Columbus... -. 
Wyoming, Casper---- 
Canada: 
Wen Sei Ac Ree 
Winnipeg 





1 Figures were obtained by averaging the July and August single-day samples, and have been converted 
from the micromicrocuries of strontium per liter in which the PHS data originally appeared. 

? August only. 

From these and other studies, there is incontrovertible evidence that the 
strontium 90 content of milk has been increasing since 1954. The average rate 
of increase was estimated by the AEC in 1957 to be between 0.5 to 1.0 S8.U. per 
year for past years. The overall average of 48 U.S. cities sampled by CU is 8.0 
S.U.; the average of the 10 cities covered by the PHS for approximately the 
same period is 7.6 S.U., a figure that is in good agreement with that found 
by CU considering the differences in the sites sampled and in the nature of the 
samples. For purpose of noting change, an overall estimate of the strontium 90 
content of milk in 1957 may be obtained by averaging figures published by the 
PHS for five cities sampled that year (4.35 S.U.) or by taking the average which 
was published by Lamont (6.1 S.U.). It would appear from these figures that 
the strontium 90 content of milk in mid-1958 was more than two 8.U. greater 
than it was in 1957, which is at least double the AEC estimate for the annual 
rate of increase over the last few years. This more rapid rate of increase must 
be considered tentative, since data for all of 1958 are not yet available. The 
summer months, when cows graze on the open range, are more likely to yield 
mitt with « hieher strontinm 90 content than winter months, when cows are 
fed on stored hay and fodder. Offsetting to some degree such an anticipated 
Pop wu me seroluum YO content of milk for the latter half of 1958 will be the 
effects of fallout from the stepped-up rate of weapons testing during the period 
August to November 1958. Because of this testing, it may be assumed reasonably 
that the average strontium 90 content of milk as currently consumed in the 
United States is about 8 to 10 S.U., and will likely be closer to the higher figure 
during the coming summer. 

However, an average may be falsely reassuring. Local meterological condi- 
tions and other factors conceivably could create conditions resulting in high 
concentrations in relatively small areas that embrace large numbers of people. 
In CU’s tests, a range from about 2 S.U. to almost 16 S.U. was found in the 
composited samples. It has been estimated that a factor of five applied to the 
average found would encompass most of the variations that might be expected 
for all factors. In such “hot” areas the concentration of strontium 90 in milk 
might be about 50 S.U.—more than half the currently recommended maximum 
“permissible” concentration. 

In its tests of samples collected in July and August 1958, CU found that 
the strontium 90 in the milk supplies of several cities was about twice the average 
of the others. These seven cities were : 
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New Orleans, La : 5. 
Bismarck, N,; Dak... -.. ae maida 
eo Sia ice SLES SE SPEDE OS icp asirsnmaguemeninc mabey 13.9 
Pittsburgh, Pa 

Memphis, Tenn 

Quebec, Canada : 

ee a mne be e  oe als i ene 


Several other cities were well above average, though not so much as those 

above: 
8.U. 

Duluth, Minn- 
Rapid City, S. Dak 
St. Louis, Mo 
Norfolk, Va ’ 
Des Moines, Iowa 10.6 
ect Ne nnssnenemdechsicdscliiila gases pacacpniaceedac ita teeta aie a ae ia ta icceabaiei 10.5 
amblhe WE OCs sists cccenitisectinnscthecsiccsinn t sleeai dnt thaadiaeattth dite cmteanagat ican tekieeste taal 10.1 


As was to be expected, most of these cities are in the northern part of the 
country ; several high-count areas were found in the southern part of the United 
States, too. Ten of the 13 U.S. cities just listed are not included in the present 
PHS test network. It appears to CU that the PHS would do well to extend its 
testing to include at least these 10. Furthermore, it appears to be desirable 
to investigate the milk supplies of all other areas which have not been included 
up to now in any study, in order to locate any other areas whose milk is ab- 
normally high in strontium 90. It is further suggested that the study of milk 
supplies might profitably include provision for more representative sampling 
than has been the practice in the past. 


Wuat's To Be Done? 


This report cannot be ended with a clear recommendation. None exists. No 
doubt the best buy is milk without strontium 90, air without fallout, and adequate 
medical care without diagnostic X-rays. But none of these solutions are to be 
had, and it would be as foolish to stop drinking milk as it would be to refuse an 
X-ray examination for a broken limb. . The surveys of the strontium 90 content 
in milk made by CU and by other agencies have demonstrated that there is a 
potential hazard. A judgment as to whether we are now within or without 
prudent limits depends on a variety of uncertain factors—ranging in character 
from the nature of bone growth to the problem of leukemia induction by X-rays— 
the answers to which have not yet been set by science. Even if those answers 
were in, we are far from knowing how variable can be the responses of man 
and weather and soil the world around. 

Here is a new problem in public health: a worldwide hazard which neither 
man nor nature can wash away. 

We can surmise that we still are not heavily dosed, but we also can be sure 
that there have been unattributed individual tragedies caused to persons by 
fallout. Further, we can project the data here presented in weighing the conse- 
quences of a major war fought with nuclear weapons. It is probable that in such 
a war the surviving belligerents would find themselves confronting many thou- 
sands of times the average fallout hazard which tests to date have produced, 
and neutral lands across the globe could expect hazards a thousand times greater 
than what they have now. 

What's to be done? Much research is now being carried on, but investigation 
of all the unknown factors is urgently needed. Among other areas, practical 
measures to reduce the absorption of strontium 90 from soil and to eliminate 
it from milk are being studied. Of course, such measures may be only palliatives. 
It is the diplomat who holds the key to the solution of the base problem : cessation 
of nuclear explosions in the atmosphere (see below). 

The growing use of fission-operated power plants requires a similar study 
because the very fission reactors which will become increasingly important 
sources of electric power in the years ahead also produce a great deal of radio- 
activity. Obviously, while the bomb would spread the radioactivity into the 
four winds, the fission plant may be able to keep it carefully sealed up and safely 
disposed of. But managing the safe storage of the long-lived radioactive by- 
products is by no means a simple problem. Here, too, the initiative of the Public 
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Health Service (supported by Federal legislation for control of radiation), and 
eventually of the World Health Organization, would be logical. 

With this report CU hopes to stimulate wider interest and understanding on 
the part of the public, of public health agencies, and of commercial producers in 
the problems of radiation and in the control of its hazards. 


CONCLUSION BASED ON UNCERTAINTY 


International activity in the fallout problem has produced four major develop- 
ments since last summer including two significant reports made public by two 
international groups—one governmental, the other private. 

The United Nations Scientific Committee on the Effects of Atomic Radiation 
issued an exhaustive evaluation of the known scientific facts. The importance 
of this report lay in its demonstration that scientists around the globe are 
in substantial agreement on existing and potential hazards. 

The second of these reports was issued by the so-called Pugwash group spon- 
sored by Ohio Industrialist Cyrus Eaton and named for its original meeting 
place—Mr. Eaton’s summer retreat at Pugwash, Nova Scotia. The 1958 Pug- 
wash meeting was the third in a series begun in response to an appeal for an 
international forum of scientists made in 1955 by Lord Russell, Albert Einstein, 
and other prominent scientists. The 1958 sessions were held in Austria under 
the good offices of many sponsors, including the Austrian Government. The at- 
tendance included not only scientists who have been critical of bomb testing but 
ones long associated with the scientific policymaking of their countries—such men 
as Sir George Thomson of England, Prof. D. V. Skobeltzyn of the U.S.S.R., and 
Prof. Eugene Wigner of Princeton University. The 1958 Pugwash statement 
included a paragraph which rather fairly summarizes the present prevailing 
opinion among scientists : 

“* * * the bomb tests produce a definite hazard and will claim a significant 
number of victims in present and following generations. Though * * * the 
genetic damage appears to be relatively small compared with that produced by 
natural causes, the incidence of leukemia and bone cancer * * * may * * * 
add significantly to the natural incidence of these diseases. This conclusion 
depends upon the assumption (not shared by all authorities in the field) that 
these effects can be produced by even the smallest amount of radiation. This 
uncertainty calls for extensive study and * * * for a prudent acceptance of 
the most pessimistic assumption.” 

Meanwhile, the political pressures generated by public concern at least have 
been moving diplomatic machinery. A meeting of experts from the big powers 
in Geneva produced agreement last summer on the feasibility of a control and 
detection system which could enforce a possible agreement to end tests of nuclear 
weapons. 

And at the time of this writing, diplomats are in Geneva trying, through a 
welter of bargaining points, to bring about an agreed cessation and a suitable 
control system. They have wrangled endlessly, and yet there has been about 
the proceedings an air of hope. The end of tests would, of course, stop the pro- 
duction of bomb fallout in peacetime. Far more importantly, one could view 
the end of tests, if it came, as a first step toward the prevention of nuclear war. 


STATEMENT OF RESPONSIBILITIES AND ACTIVITIES OF THE Foop AND DruG 
ADMINISTRATION WitH Respect To RADIOACTIVITY 


The Food and Drug Administration administers the Federal Food, Drug, and 
Cosmetic Act. This is the Federal law that regulates foods, drugs, therapeutic 
devices, and cosmetics that move in interstate commerce. Among other things 
this law places upon the Food and Drug Administration the responsibility for 
regulating interstate movement of any of the named commodities which contain 
or have been affected by radioactivity. 

The responsibilities and the statutory authority for them (all under the Iood, 
Drug, and Cosmetic Act) are: 

1. Establish by approval of new drug applications safe conditions for use of 
radioisotopes in medicine-—section 505. 

2. Estabiish sa:e tuierunces ivr unavoidable radioactivity in food—section 
406 (a). 

3. Issue regulations stating safe conditions for the intentional or foreseeable 
use of radioisotopes in food or the protection of food with radiation—section 
409(¢). 
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4. Determine on a continuing basis the radioactivity in foods, drugs, thera- 
peutic devices, and cosmetics and evaluate the results to see whether these 
commodities are legal in interstate commerce—section 702(a) and the following 
adulteration and misbranding sections: 402, 501, 502, 601. 

This involves— 

(a) Collecting samples in connection with the administration of the 
Food, Drug, and Cosmetic Act, for examination for compliance with the 
Federal law with respect to radioactivity and other factors—sections 702(a), 
703, 7T04(a). 

(b) Initiating legal actions against foods, drugs, devices, or cosmetics 
that are adulterated or misbranded because of the use or presence of radio- 
activity—sections 302, 303, 304. 

(c) Regulating imported foods, drugs, and cosmetics—section 801. 

(d) Maintaining the necessary laboratory services and developing and 
participating in development of the necessary analytical methods to enable 
adequate enforcement of the Federal and State food and drug laws with 
respect to radioactivity as well as other factors influencing the legality 
of the commodities—section 702(a) and section 707. 

(e) Conducting other studies as necessary to determine that the decon- 
tamination and salvage of seized foods, drugs, and cosmetics is in accordance 
with orders of the Federal courts—section 304(d). 

5. Maintain Federal-State relations in the food, drug, and cosmetic field and 
see that Federal and cooperating State and local enforcement personnel are 
adequately trained to perform their enforcement functions, including investi- 
gations with respect to radioactivity. 

These responsibilities are fulfilled in the following respects : 

1. Before a manufacturer may market a new drug in interstate commerce, 
he must submit to the Food and Drug Administration evidence showing that 
it is safe under the intended conditions of use. The Administration’s scientists 
evaluate the safety data and the Administration allows the application to 
become effective and the drug to be marketed if safety is established. Under 
this procedure a number of radioactive drugs have been cleared for safety and 
are now on the market. 

2. Where radioactivity cannot be avoided in food by good manufacturing 
practice, the Food and Drug Administration has the authority to issue regu- 
lations limiting the quantity of radioactivity that may be present to the extent 
necessary to protect the public health. In establishing these tolerances, the 
Administration will utilize all available scientific data bearing on the safety 
of the radioactivity in food, whether they have been developed in its own 
laboratories, other Government laboratories, or nongovernmental institutions. 
The so-called maximum permissible concentrations which have been suggested 
by a national committee and an international commission are not legal standards 
with respect to allowable radioactivity in food. They have been recommended 
primarily for other purposes. 

The Food, Drug, and Cosmetic Act is the Federal statute under which legal 
standards may be established for radioactivity in food. The States generally 
recognize and make use of other Federal tolerances established under the Food, 
Drug, and Cosmetie Act, and would no doubt utilize tolerances for radioactivity 
in the same way. 

3. If a person wishes to add radioisotopes to food or to treat food with ionizing 
radiation, he must submit a food additives petition to the Food and Drug Admin- 
istration which describes the proposed use of radioactivity and gives scientific 
data to establish its safety. If the Administration’s scientists agree that the 
proposal is safe, and certain other conditions are met, the Commissioner of 
Food and Drugs may issue a regulation stating the conditions under which the 
radioactivity may be employed. Here again the research findings and judgment 
of responsible scientists in the field, wherever they may be located, will be drawn 
upon in evaluating food additive petitions. Also the States generally recognize 
and utilize Federal regulations of this type. 

4. Through inspection of manufacturing establishments that produce foods, 
drugs, therapeutic devices, and cosmetics and through sampling and examina- 
tion of shipments of these commodities, the field offices of the Food and Drug 
Administration (17 today with an 18th being added) are determining the 
legality of interstate shipments of these commodities. This jurisdiction ex- 
tends to all food items including-all items of drink; the examinations cover the 
various conditions which may influence the legality of the commodities, including 
the presence of radioactive isotopes. 
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In connection with these activities, the Administration utilizes all available 
data from other sources. For example, the Atomic Energy Commission, and one 
of its contractors, have performed laboratory analyses on some food samples 
collected by the Administration ; data obtained by the Public Health Service on 
the radioactivity of milk have been made available to the Administration; and 
data being accumulated by the Public Helth Service on radioctive isotopes pres- 
ent in air and water will be utilized in evaluating the safety of food and drug 
manufacturing processes where contaminated air and water are present. 

During recent years the Food and Drug Administration has conducted surveys 
to determine to what extent the American dietary is becoming contaminated 
with radioactivity. This radioactivity has arisen chiefly from tropospheric fall- 
out consisting of manmade fission products originating from weapons testing. 
These surveys have revealed the total radioactivity in food. In general, deter- 
mination of individual radioisootopes, such as strontium-89 and 90 has been 
deferred. 

To establish a reference baseline, the Food and Drug Administration requested 
the assistance of consumers, trade organizations, and food manufacturers in the 
collection of samples of food prepared before the first atomic bomb was exploded 
in 1945. The response to this request was most gratifying. Over a thousand 
samples were obtained representing basic food commodities prepared in various 
sections of the United States and in certain parts of the world outside this coun- 
try. These were analyzed for radioactivity and give data against which to judge 
food prepared since 1945. 

Samples of the same basic foods produced since 1945 were collected from the 
same geographic areas and examined for radioactivity. The results on about 
1,000 samples representing food produced before the middle of 1957 showed— 

1. No measurable contamination of fruits and vegetables most of which 
were canned. 

2. Some contamination of sea foods, such as fish and shellfish. 

3. Significant trends to increased contamination in dairy products, such 
as powdered milk and cheese. 

4. A marked contamination of tea. 

An additional 1,500 samples of food produced from 1957 to April 1959 showed 
continuing evidence of radioactive contamination in tea and in fish, chiefly in 
several shipments of tuna. Furthermore, although it has not been necessary to 
take legal actions against any foods because of radioactivity, in the period since 
1957 (as compared with the pre-1945 samples) there has been a marked increase 
in radioactivity in fresh vegetables, animal forage (chiefly alfalfa and, to a lesser 
extent, corn ensilage), and wheat. 

These radioactivity testing activities will be increased in the future. If the 
need for control measures arises, the usual procedures under the Food, Drug, 
and Cosmetic Act are available for use. 

When shipments are found to be significantly adulterated or misbranded, the 
facts are referred to the Department of Justice for initiation of appropriate legal 
actions through the Federal courts. These may be injunction proceedings to 
restrain further violations, criminal actions because of past actions, or seizures 
to remove illegal merchandise from the channels of interstate commerce. 

Additionally, every shipment of foods, drugs, or cosmetics offered for importa- 
tion into the United States is subject to examination by the Administration. 
Examinations are made on a spot-check basis to keep abreast of developments 
and where necessary these are increased to give up to 100 percent coverage of a 
given commodity. For example, for a considerable period of time after the 
hydrogen bomb tests in the Pacific, FDA inspectors and chemists with the assist- 
ance of Atomic Energy Commission and the Department of Defense, examined 
oe shipment of tuna entering the United States from Pacifie waters for radio- 
activity. 

The Administration is responsible for maintaining the necessary Federal labo- 
ratory services to permit adequate handling of this problem as well as other 
problems in the food and drug field and for developing and participating in the 
development of the necessary analytical methods to enable adequate enforce- 
mo the Federal and State food and drug laws with respect to contamination 
0 ° 

Federal analysts and inspectors are given formal training in the various aspects 
of food and drug regulation. During the past 50 years the Administration has 
developed close cooperative relationships with enforcement officials in the States 
and larger cities and it helps them train their inspectors and chemists, furnishes 
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quantities of resource material on food and drug law enforcement, and develops 
and distributes important inspection and analytical methods. Upon occasion, 
cooperating State and local enforcement officials and industry scientists receive 
intensive instruction in food and drug procedures in the Washington laboratories 
and in courses presented in the field. 

Analytical methods suitable for use in determining various contaminants are 
developed in the Administration’s Washington laboratories and in each of the 
tield laboratories. These methods are studied collaboratively in laboratories of 
the Federal Government and of the States, State experiment stations, and uni- 
versities through the “referees” established by the Association of Official Agri- 
cultural Chemists. Such cooperative testing, which has been proved to be sound 
over a period of many years, will continue to be employed in connection with 
radioactivity testing. 

Additionally, the Administration is responsible for supervising and approving 
the decontamination and salvage of seized foods and drugs in accordance with 
court orders. These orders, as a general rule, provide that recenditioning must 
be by procedures acceptable to the Administration and that the reconditioned 
merchandise must be in harmony with the Federal and State laws before it 
may be released for sale. 

It is apparent from the above discussion that the Administration is responsible 
for maintaining research to develop methodology for identifying and evaluating 
radioactivity in commodities subject to its jurisdiction to develop techniques for 
decontaminating affected foods and drugs, and to develop adequate regulations 
defining permissible levels of radioactivity in commodities subject to its juris- 
diction. 

By way of summary, the Food and Drug Administration has 

1. Jurisdiction over all foods, drugs, devices, and cosmetics that move 
from one State to another, and responsibility for seeing that they are safe 
with respect to radioactivity and other contaminating materials. 

2. The statutory responsibility for establishing, where necessary, tolerances 
for poisonous materials, including radioactivity in foods. 

3. The statutory responsibility for evaluating the intentional addition 
of radioactivity to food and drugs and issuing permissive regulations (or 
in case of drugs of allowing new drug applications to become effective) if 
such added radioactivity is to be tolerated. 

4. The statutory responsibility of evaluating and approving the safety 
of any irradiation process for use on food. 

Dr. Weser. The next section of my longer summary deals with re- 
search, principally the fact that additional research in this field is 
necessary. In doing so an attempt is necessary to correlate informa- 
tion on exposure with actual retention in the human system. 

It is agreed that the problem is complex but not insoluble. Radio 
nuclides other than strontium 90 might now be given fuller attention. 

Now, with regard to program expansion for the control of hazards 
in this particular summary, I have said that this should be a compre- 
hensive one for radiation control of all sources, of which that derived 
from fallout is one. It is suggested that existing Public Health re- 
sources in the local, State, Federal complex be utilized much in the 
same way as they now are for other public health problems. This 
would prove particularly valuable in studying the problem in which 
epidemiological techniques are necessary. 

That concludes, Mr. Chairman, my formal statement. 

Representative Hoxrrretp. Mr. Weber, would it be fair to say 
that under peent law it is the responsibility of the Surgeon General 


to protect the public health against radiation hazard in the environ- 
ment? 


Dr. Wexner. Yes, sir; I would say that is true. 
Representative Horirretp. Of course, there are specific duties that 
are imposed on the AEC in their plant operations which they have to 
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handle under the law, but I am speaking now of the general environ- 
ment of the population. 

Dr. Weser. I believe it breaks down into two areas, in replying to 
your question, Mr. Chairman. No. 1, the AEC has specific authority 
in connection with certain special activities in the nuclear field. There 
is no question about that whatsoever. No. 2, however, the Public 
Health Service, under, I believe, section 301 of its act, Public Law 410— 
and I can provide the exact quotes for the record—enables the Surgeon 
General to take responsibility for all health hazards. In other words, 
it is not restricted. 

As far as the term “radiation” is concerned, that is not to my knowl- 
edge specifically mentioned by name in the Public Health Service law, 
but it is implied. As a matter of fact, there are a number of other 
disease conditions also in which we have active programs that are 
not specifically named in the law. 

Representative Horirietp. The law was passed, of course, establish- 
ing the Public Health Service and prescribing its duties, I think long 
before we had the atomic program. If the Surgeon General does not 
have such authority, what if any measures should be taken to give 
him such authority? Do you think it is necessary for him to remove 
this implication of his responsibility and define it in the statute? 

Dr. Weser. That is difficult for me to say, Mr. Chairman, since 
the reply to that would depend on what the feeling is in higher ad- 
ministrative circles within the executive branch. Not being an at- 
torney, and just a physician, I could have my own personal opinion, 
but it certainly would not be an expert opinion insofar as political 
science or jurisprudence is concerned. So if you would hike that 
opinion, I would be very happy to state it without that reflecting 
as Public Health Service policy. 

Representative Houtrretp. You may state it. 

Dr. Weser. I feel that specific mention in terms of categories 
of programs do practically strengthen health operations in the par- 
ticular field in which one is engaged. I believe the history of pub- 
lic health legislation probably bears that out. To take one example, 
the successive establishment of the various National Institutes of 
Health devoted to certain disease categories in order to give proper 
emphasis to them. Again, not being an expert in jurisprudence, I 
don’t know whether that is absolutely necessary to the exercise of ef- 
forts in pursuing, let us say, any national health program when a 
program is considered to be national in scope. 

As I understand, there is legislation pending before the Congress in 
the form of the Hill-Roberts proposals, which presumably would go 
into this matter, but on which no hearings have been announced. 

I might also add, from what I can learn, and here again I express my 
own opinion, not necessarily that of the Department, that there is a 
feeling within the executive branch that it is possible to clarify the 
respective roles of the various special agencies already within the 
executive powers. The executive, as you know, via the agency of the 
Bureau of the Budget, has already undertaken a study in that regard. 
Of course, we will have to await the results. 

Representative Horirtetp. Do you have any comment to make on 
that, Dr. Dunham ? 





1958 FALLOUT FROM NUCLEAR WEAPONS TESTS 


Dr. Dunnam. I think I am in somewhat the same situation that Dr, 
Weber is in at this point. I would like to say that I do feel it is ver 
important, regardless of what the legalistic aspects of things are, that 
the program within the Public Health Service on radiological health 
be strengthened. It is very important. 

Representative Hoxirietp. Dr. Weber, you have had quite a bit of 
experience in trying to obtain appropriations for the Public Health 
Service work. Do you think that if additional responsibility were 
given in this field that you could get from Congress appropriations 
with the equal facility, let us say, that the AEC does? 

Dr. Weser. Sir, that is a difficult question. 

Representative Ho.trretp. Maybe I should ask myself that ques- 
tion. This is the one thing that has worried me about. all of this 
discussion of shifting duties from the AEC to the Public Health. 
I know how hard it is to get appropriations for civilian agencies and 
comparatively speaking I found it is much easier, if it is for defense. 

Dr. Weser. Yes, sir. 

Representative Van Zanpr. At this point, let me ask Dr. Dunham 
this question. Assuming that Congress were to amend existing law 
and shift the responsibility to the Public Health Service, would it be 
necessary for the Atomic Energy Commission to continue its present 
effort ? 

Dr. Dunnam. Are you speaking in terms of the activities perhaps 
of the Division of Biology and Medicine of the AEC? 

Representative Van Zanpr. That is right. 

Dr. Dunuam. I don’t think it would relieve us of any responsibil- 
ity, because we would still have our responsibility within the Com- 
mission itself. 

Representative Van Zanvr. In other words, then, we would have 
set up a similar organization within the Public Health and the AEC 
would retain its organization. 

Dr. Dunnam. I have not had a chance to study these proposed acts, 
but there is always conceivably a situation in which you would not be 
having duplicate organizations, no, but in which one organization 
might have a little more overall responsibility than another. 
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Representative Van Zanpr. Probably not of the same magnitude 
but it would be somewhat similar. 

Dr. Dunnam. Yes. 

Representative Hoxtrtetp. Mr. Ramey. 

Mr. Ramey. In preparing for these hearings one thing I think that 
the staff observed was that coordination of the collection of data on 
fallout and the sort of direction of a program aimed at fallout infor- 
mation was still pretty loose. We have testimony that the Commis- 
sion is going to put out quarterly reports, and so on. Do you think 
that is enough, or do you need somebody that is your Fallout Director, 
or something like that? I think a newspaper reporter who happens 
to be in the room pointed out that the Commission only has two full- 
time employees who were concerned with fallout as such. 

(See article by John W. Finney, New York Times, Mar. 29, 1959, 
in vol. 3, app. K.) 

Dr. Dunnam. This is true, Mr. Ramey. Unfortunately, fallout is 
sort of an unlovely subject. I am sure that if it was not for the fact 
that there are some very special payoffs from personal interest and 
things that Mr. Holland and Mr. Hollister probably would not be 
willing to devote 100 percent of their efforts to this subject. We do 
want to strengthen the program. There is not any question about 
it. We do want as much leadership as we can get. I was interested 
in talking to Dr. Neuman the other evening in which he was pointi 
out that perhaps we have gained something from the diffuseness o 
the program. By that I mean that many agencies are involved, many, 
many people like Dr. Kulp and other individual university scientists, 
who have not been so much directed as to what they could or could 


not do. I think we would probably have missed a lot of tricks if this 
thing had been very tightly knit at the very beginning. At least this 
was the thought that Dr. Neuman put out, and I think it has much to 
commend it. That does not mean that there is not plenty of room for 
See the program. I am furnishing for the record an or- 


ganization chart of the present makeup of the Division of Biology 
and Medicine. 
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Representative Hotirretp. Admiral Parker, will you please give us 
a résumé of the Defense Department activities / 


STATEMENT OF REAR ADM. E. N. PARKER,' CHIEF, ARMED FORCES 
SPECIAL WEAPONS PROJECT 


Admiral Parker, Yes, sir, Mr. Chairman. I have given you this 
complete statement plus the tables which gave a breakdown of the 
money that the Department of Defense has been expending and plans 
to expend in this program, plus the list of activities, sir. 

Representative Hoirrietp. Can you summarize that, please? We 
will accept it in its entirety for the record. 

(The statements referred to follow :) 


DEPARTMENT OF DEFENSE 
FALLOUT AND RADIOLOGICAL HEALTH ACTIVITIES 


The results of a recent survey within the Department of Defense forms the 
basis of this report to the Special Subcommittee on Radiation of the Joint Com- 
mittee on Atomic Energy for the “Public Hearings on Fallout From Nuclear 
Weapons.” The Department of Defense fallout and radiological health activi- 
ties are in three broad categories : 

(1) Fallout and the effects of ionizing radiations as obtained by direct par- 
ticipation in the nuclear weapons tests. 

(2) The worldwide fallout program consists of the AFSWP high altitude 
sampling program; atmospheric radiation studies by the Naval Research Lab- 
oratory ; and the U.S. Air Force program of fallout and worldwide dissemination 
of nuclear debris at the Air Force Cambridge Research Center. The principal 
results of the AFSWP-HASP program have been made available at these hear- 
ings in the previous testimony. 

(3) The basic laboratory research and development activities funded by the 
Department of Defense. 

The levels of funding by the Department of Defense for each of the categories 
are contained in the enclosed tables. Table 1 contains the funding for fallout 
and effects of ionizing radiation as related to participation in nuclear weapons 
tests. The total for the 3 fiscal years 1956, 1957, and 1958 is $9.1 million or an 
average of about $3 million per year. The funding for fiscal year 1959 reflects 
costs for participation in nuclear tests during the first quarter of the fiscal year 
and studies of previous test results during the remainder of the fiscal year. The 
fiscal 1960 funds are estimates of the requirements for continued analysis of 
past test results and some planning funds to maintain a capability to resume 
testing should this be directed. Typical nuclear weapons test activities have 
been : 


‘Present Chief of the Defense Atomic Support Agency, graduated from the U.S. Naval 
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In February 1943, he was assigned duty in the Bureau of Ordnance, Navy Department, 
Washington, D.C., as Head of Ship Characteristics and Fleet Requirement, and Head of 
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Weapons Project, Washington, D.C., and served there until December 1954, after which he 
assumed command of Cruiser Division 6. On May 28, 1956, he reported as Special Assist- 
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Special Weapons Project, Washington, D.C. (changed to Defense Atomic Support Agency 
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(a) Measurement and the effects of prompt nuclear radiations from the 
exploding bombs. 

(b) Onsite sampling and dimensions of the nuclear cloud, 

(c) Delineation of the fallout patterns, 

(dq) Radiation shielding afforded by military equipment, various types of 
soil and structures. Shielding afforded by structures is applicable to the 
fallout shelters of the Department of Defense and the Civil Defense. 

(e) Decontamination in the fallout area. 

The preparation of preliminary plans and budget estimates of Department of 
Defense activities on nuclear weapons tests is the responsibility of the Armed 
Forces special weapons project (AFSWP). Table 2 contains the funding by 
the Department of Defense for the worldwide fallout programs. The funding 
for fiscal years 1956-58 was $2.4 million and this reflects the initiation of the 
large programs in the latter portion of the period, $3.2 million in fiscal 1959 
reflects the peak of the effort and the estimated fiscal 1960 funding is about 
$2.1 million for worldwide fallout programs. 

Table 3 contians the funding by the Department of Defense in laboratory 
research and development programs in the general subject of fallout and effects 
of ionizing radiation. The funds are provided by one of the services of AFSWP. 
The funding by the Department of Defense for such activities for fiscal years 
1956-58 was $11.6 million or an average of about $3.9 million per year. The 
effort in the laboratory research and development program in fiscal 1959 has 
been $8.8 million and the estimates for fiscal 1960 total are about $11.8 million. 
Table 4 contains the individual projects and illustrates the types of activities 
pursued in fiscal 1959 for laboratory research and development. Table 5 lists 
the agencies which have conducted activities in this field for Department of 
Defense. 

In summary, the average total level of funding per year during fiscal 1956-58 
was $7.7 million and the total for fiscal 1959 was $12.8 million. It is estimated 
that the funding for fallout and the effects of ionization radiation for fiscal 1960 
will be about $17.3 million. Finally, the assignment of exact costs to projects is 
a matter of some judgment. The costs, as given here, were directly associated 
with the specific projects or tasks and the actual total costs may have been 
somewhat higher. 


The Department of Defense has a broad and continuing interest in the prob- 
lems associated with nuclear weapons and especially in the subject of these 
hearings on fallout and its effects. 


TABLE 1.—Fallout and effects of ionizing radiation (direct participation in 
nuclear weapons tests) 


{In millions] 
Fiscal years 1956-58 
Fiseal year 1959 
Fiscal year 1960 


1 Costs for analysis of past tests and some planning funds required to maintain a capa- 
bility to resume testing should this be directed. 


TABLE 2.—Worldwide fallout program 


{In millions] 
Fiscal years 1956-58 


Fiseal year 1959 
Fiscal year 1960 
Projects during fiscal year 1959 
[Dollar amounts in thousands] 


Title Funded by Amount 


1. High altitude sampling program 
2. Atmospheric radiation studies 
3. Fallout and worldwide dissemination of nuclear bomb 
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TaBLE 3.—Laboratory research and development on fallout and ionizing 
radiation 
{In millions] 

Fiscal years 1956-58 

Fiseal year 1959 

Fiscal year 1960 


TaBLE 4.—Laboratory research and development programs in fallout and effects 
of ionizing radiation, fiscal 1959 


= = 


Program area with project title Directing agency Funded by 


A. BIOMEDICAL 


|. Effects of Gamma, Gamma-Neutrons, Neutrons 
on Cells, Organs, Systems, Etc.: 
Effects of Radiation on Mammalian Cells.__.| / ; AFSWP.... 
Ionization Dose Received by Tissues at 
RI a AS Sons an ae me .| NNMC. AFSWP_-.- 
Instrumentation Requirements for Determi- 
nation of Biological Injury. 
Study of Post-Irradiation Syndrome in 
Humans. 
Effects of Radiation on Certain Biological 
Functions in Man. 
Biological Effects of Radiation 
Effects of Nuclear Radiation on Biological 
Specimens. 
Evaluation of Health Hazards from a Nuclear 
Radiation Environment. 
Biomedical Effects on Personnel Resulting 
from Handling, Delivering, and Storing 
Nuclear Materials. 
Biological and Medical Aspects of Ionized 
Radiation. 
Studies on Effects of Radiation Injury - - - 
2. Fallout studies: 
Deposition and Removal of Radioisotopes in 
in the Body 
Effects of Sr . Administered During Growth 
Period of the Dog... J Le AFSWP... 
Whole Body Counting and ‘Laboratory 


3. Treatment of radiation injury: 
Therapy of Radiation Injury with Spleen 
EE cn cctiha sth ohsclnb enue dtedet tres af PERG... see dads AFSWP.... 
Clinical Treatment of Radiation Injury-_-_- AVE RL... -hin sce AFSWP.. 


AFSWP. 


B. PHYSICAL 


|, Initial gamma and neutron radiation: 
Free Field Nuclear Effects for Nuclear Bursts 





at Sea. 
Hazards Resulting from a Nuclear Reactor 
Catastrophe. 
2. Fallout: 
A Study of tre Plutonium Contamination in 
the Local and Fallout Area. 
Theoretical Fallout Studies for the Field 


Army. 
3. Instrumentation: 
Development of Techniques and Instrumen- 
tation. 
Radiac Instrumentation. 
Development of a Gamma Rate Meter 
Development of Tactical Gamma Neutron 


Dosimeter. 
4. meueed Activity: Neutron-Induced Activity in 


Soils. 
5. Shielding: 

Shielding Studies 

Fundamental penis of Gamma and 
Neutron Shielding erepeee of Shelters. 

Modification of Pree Field by Ships 

Hazard Evaluations and Countermeasures. 

Evaluation of Armor Materials With Respect 
to Shielding Against Ionizing Radiation. 

Evaluation of Shielding Materials. 

Radiation Protection for Combat Vehicles _- 

Protection Against Radiological Hazard 

Determination of Shielding Characteristics __- 

Study of Shielding Characteristics of Field 
Fortifications. 

Study of Expedient Shielding Materials 

Shielding of Engineer Heavy Equipment 


r 
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TABLE 4.—Laboratory rescarch and development programs in fallout and effects 
of ionizing radiation, fiscal 1959—Continued 

pesca Sebati ta hea ais Cai che Se are oe Sia peta te ee i 

Program area with project title Directing agency Funded by Amount sony 

is am “oer Oe ee ee nat n 


6. Decontamination: tifie 
Roof Washdown Systems. - al an | USN.. ; deton 


mi 

Development of Radiological Docentamina- Fatt ae ps 
tion Methods for Cold Weather Regions. N.C.E.R. -L. y 

Decontamination of Water Supplies-. A acitaceac antes eens tions 

Decontamination of Structures and Equip- stceehatae Oka<ases sible. 
ment. ducte 

Development of Remote Controlled Decon- fill 
tamination Equipment. ment 

7. Miscellaneous: restri 

Radiation Preservation of Food__ -| QMC. Tes ¢iza chi 

Training Relative to Techniques of Handling ‘ Rconctitad eit y:<iseiren 54, 000 latest 
Nuclear Materials. into 

Effects of Radiological Contaminated Areas base 
on Personnel and Equip:nent. 

Development of Equipment, Procedures, and ; J samp 
Techniques Relative to Radiological Haz- of cl 
ards of Nuclear Warfare. 2 

Effect of Radiological Contamination on : 
Combat Operations. burst 

Technical Evaluation of Atomic Warfare and | ACC_.........--.--...| U trem 
Radiological Warfare Information. over 

Prototype Nuclear Power Plant Environ- J ‘ 
mental Monitoring Program. Earl} 

Effects of Ionizing Radiation on Equipment 5 =seetee toa 

(i llrenenencnennetiemesen thts pennsennnescce stilt nace ada aa te SUES Ns as Rd scents Nek eee 
i ; lee activ 
TABLE 5.—Identification of agency abbreviations the v 


ARs bc. Oo Ze Army Chemical Corps. Pa 
Air Force Cambridge Research Center. cial 
Armed Forces Institute of Pathology. in tt 
Air Force School of Aviation Medicine. fabs 
Air Force Special Weapons Center. a 
Armed Forces Special Weiptia Project. os 
Army Signal Corps. ti . 
Army Signal Research and Development Laboratory. on 
Ballistic Research Laboratories. io 
Bureau of Aeronautics, Department of Navy. = 
m3 _ Bureau of Docks, Department of Navy. ya 
BuShips-_- - - - - . Bureau of Ships, Department of Navy. bs - 
CRL Chemical and Radiological Labsretolitt, U.S. Army. — 
_....... Chemical Warfare Laboratory, U.S. Army. struc 
ERDL-. _..... Engineer Research and Development Laboratory, U.S. Army. bilit' 
FC/AFSWP Field Command, Armed Forces Special Weapons Project. 
Nie 2th 7: National Bureau of Standards. 
NCER & EL_____ Naval Civil Engineering Research and Evaluation Labora- 
tory. 
Material Laboratory, U.S. Navy. 
Naval Medical Research Institute. 
National Naval Medical Center. 
Navy Ordnance Laboratory. 
Naval Radiological Defense Laboratory. 
Naval Research Laboratory 
New York Operations Office, Atomic Energy Commission. 
Office of the Chief of Engineers, U.S. Army. 
Ordnance Materials Research Office, U.S. Army. 
Office of Naval Research. 
Office of the Quartermaster General, U.S. Army. 
Rand Corp. 
._ Sandia Corp. 
Scripps Institution of Oceanography. 
Surg. Gen___.__.-.- Surgeon General, U.S. Army. 
WADC___.____--_ Wright Air Development Center, U.S. Air Force. 
WRAIR______-_-_ Walter Reed Army Institute of Research. 


1 Formerly Signal Corps Engineering Laboratories (SCEL). 
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THE DEPARTMENT OF DEFENSE FALLOUT PROGRAM AND NUCLEAR TEST OPERATIONS 


1. Since the first light of the atomic bomb over Alamogordo, N. Mex., the 
United States has set off well over 100 nuclear explosions. Some of these have 
been actual weapons, but most were nuclear devices detonated to advance scien- 
tiie and engineering knowledge as applied to such weapons. They have been 
detonated in widely varying environments, designed to facilitate the collection 
of maximum effects measurements and operational experience. What is pres- 
ently known about fallout has been determined from studies of these detona- 
tions and has been expanded to theory and laboratory tests as rapidly as pos- 
sible. It was during the test series, Greenhouse, Ivy, Castle, and Redwing, con- 
ducted during the 1951-56 period, that the greatest efforts were made to docu- 
ment local fallout from large yield weapons. Operation Plumbbob in 1957 was 
restricted to measuring fallout from small weapons fired on towers. In the 
latest test series (Operation Hardtack in 1958) the fallout effort can be divided 
into three areas: (1) the unique effects of underwater bursts, specifically the 
base surge; (2) fallout from low yield weapons; and (3) aircraft and rocket 
sampling of the radioactive cloud to further the knowledge of the contribution 
of cloud fission products to worldwide fallout. 

2. The early atomic bomb bursts did not deposit fallout locally, since air 
bursts result in dispersion of all radioactive debris in the atmosphere in ex- 
tremely small-sized particles. This was the case for the two weapons detonated 
over Japan, and thus fallout was not a factor in the loss of life that resulted. 
Early U.S. testing was done mostly on high towers which kept the local fallout 
toa minimum. Most recently surface tests of large megaton devices were car- 
ried out at the Eniwetok Proving Ground. A significant portion of the radio- 
active debris from these larger yields was deposited in the Pacific, minimizing 
the worldwide contamination. 

3. The large Department of Defense effort in the field of nuclear weapons 
effects has been divided between the three services and the Armed Forces Spe- 
cial Weapons Project (AFSWP) has assisted and coordinated their efforts 
in the field of weapons testing as outlined above. One of the fundamental 
problems always present is the accurate measurement of nuclear radiation, and 
all services, as well as agencies outside the Department of Defense, have been 
working steadily to improve the present capability in the field of instrumenta- 
tion. We have a very active committee doing an effective job in keeping the 
participating agehcies informed as to what each is doing and coordinating 
their overall effort. Each of the services is working toward the continuing 
improvement of personnel dosimetry and survey instrumentation. The Army 
is especially concerned in the effects of weapons on various terrain, on water- 
ways, and structures for obvious planning purposes. They are developing 
structural specifications, quick reentry techniques, and atomic demolition capa- 
bilities. Their work on the use of gamma radiation in the preservation of food- 
stuffs has received considerable publicity and could be of far-reaching value. 

4. The Navy has been making worldwide fallout studies, some of which are 
supported by other agencies. They are making detailed studies of the hazard 
of the radioactive base surge from underwater depth charges. They are also 
developing shipboard and shore station fallout countermeasures and ship re- 
covery techniques that are intended to improve their defensive stature. Much 
work has been done on the prediction of ship damage and ship shielding. (The 
Army has a parallel interest insofar as tanks are concerned.) The effects of 
ionizing radiations on materials has not been overlooked and, as a result, there 
is now available a considerable quantity of information in this area to support 
most present day requirements. 

5. The various environments a weapon might be in when it explodes have 
a great deal to do with the radiological effects of the fallout. The depth under- 
ground or underwater and the altitude of air bursts are critical when within 
certain limits. The yield of the burst also has a complicating effect. It can be 
said that tests have been directed towards furthering our knowledge as to how 
effects vary with the weapon environment and yield. From our data effects 
predictions and models are made. 

6. The military services have developed what are called fallout models to 
improve fallout prediction techniques. These are mathematical procedures used 
to compute expected fallout surface dose rate contours for nuclear weapons of 
any size fired in any environment. The models are dependent on accurate winds 
and wind predictions at all altitudes. The weather bureau has been doing much 
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work in this field and has made considerable progress towards improving the 


weather inputs. As a result, we can now predict areas of probable fallout 
with increased assurance. 






Admiral Parker. Very quickly, we divide our program into thre 
parts. Fallout as we get from direct participation in nuclear weapons 
tests. Then the worldwide fallout program. Most of it is the hi 
altitude sampling program which has been described earlier in t 


























hearings. Third, basic laboratory research and development activities Ph 
which are funded by the Department of Defense. cone 

We have table 1. I don’t have some charts to put up. Table 1 shows | effec 
that the money spent on direct participation on nuclear weapons tests} R 
is a function of the testing cycle in the period 1956-58 we had $91 } ther 
million. Fiscal 1959, when we had a very small test program, the end | mer 
of the last Hardtack series, we only had $800,000. For fiscal year} A 
1960, we have $3.4 million planned for analysis of past tests, and} R 
some planning funds required to maintain a capability to resume f dov 
testing should this be directed. A 

Representative Ho.irievp. Is this appropriation you speak of here f this 
for the field of analyzing the tests and all the effects of the tests? trib 

Admiral Parker. Of fallout. Only those having to do with fall-— 
out, i 

Representative Hoxirtetp. Only those having to do with fallout! " 

Admiral Parker. Yes, or the effects of ionizing radiation, sir. Not} [¢; 
anything else. con 

epresentative Horirretp. You have quite a substantial program 1 
there. 

Admiral Parker. Yes, sir, we do. Then we have in the matter of > 
obtaining information—direct information—worldwide fallout. This} | 
is mostly the high-altitude sampling program. We spent 1956-58} }, 
$2.4 million; 1959, that was the height of the high-altitude sampling f  gy¢ 
program, $3.2 million. In fiscal year 1960, $2.1 million is planned f gy} 
We took the year 1959 and broke it down to show that the $3.2 mil-} 1 
lion in 1959, the great majority is in the high altitude sampling pro-f 
gram, $2.7 million. cor 





In the third category, which is our laboratory research and develop- 
ment of fallout and ionizing radiation, development of information, 
fiscal years 1956-68, $11.6 million. Fiscal year 1959, $8.8 million, In 
1960, we plan $11.8 million. 

Representative HoxirmeLp. Do you see what I mean, Mr. Weber, by 
the amount of appropriations the Defense Department gets for pro)- 
ects as compared to your civilian department ? 

Admiral Parker. The rest of these tables, such as table 4, give 
greater detail on the laboratory programs, what we are doing, direct- 
ing agency, who funds it, and the amount of money. 

In table 5 we gave you a list. There are many abbreviations here. 
This is a list of the identification of the agency by these abbreviations. 

So, in summary from 1956 sarong” 1959, the Department of Defense 
has obligated, or has ready for obligation, nearly $36 million in this 
program, and for 1960 we are planning an additional $17.3 million for 
a little over $53 million. 

Representative Hotirietp. Admiral, I want to say that I approve 
of every dollar that is being spent in this field by the Department 
of Defense, and anywhere we can get additional information on this 
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vital subject, in my opinion, we are justified in putting up money for 
it, I want at this time to again express my appreciation for the work 
that the Naval Radiological Laboratory at Hunters Point has done in 
this field, since the Bikini test, and also the Navy’s kindness in allow- 
ing us to use Dr. Paul Tompkins as a consultant in previous hearings 
and this hearing. 

When printed in the record, your program will be very impressive— 
when the people see that there is this large program going on, and the 
concern whieh is being expressed by the Defense Department on these 
effects of fallout. 

Representative Van Zanpr. Mr. Chairman, I think we should add 
there that this program, while not only supporting weapon develop- 
ment, also supports the peaceful uses of the atom. 

Admiral Parker. Yes, sir. 

Representative Van Zanoprt. I notice much of your program has to 
do with the peaceful use of the atom. 

Admiral Parxer. Yes, sir. I think everyone has agreed, sir, that 
this high-altitude sampling program we did has made a major con- 
tribution since 1957 in information on fallout. 

Representative HouirteLtp. Dr. Shelton’s contribution of that mate- 
rial was very helpful. 

Are there any questions of Admiral Parker or the other witnesses? 
If not, we will excuse you, and we thank you for your assistance to the 
committee in presenting testimony. 

The Chair wishes at this time to thank all who have participated 
and thank the audience for their patience and their quietness during 
these hearings. 


I would also make the following announcement. The record will 
be held open for such pertinent material as has been requested and 
such material that has been offered by people of competence who have 
submitted to us written papers on some of these subjects. 

The meeting is adjourned. 

(Thereupon, at 12:50 p.m., Friday, May 8, 1959, the hearings were 
concluded. ) 


x 





